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Abstract 
 
Concerns within geography over public engagement and understanding has necessitated a new 
strategy to be developed that moves away from the top down approach to disseminating 
knowledge to a dialogue between expert and learner. The study aimed to identify how practice 
within eLearning could be applied within the context of climate change science to form a 
strategy that supports the public with understanding the holistic nature of the discipline that is 
relevant to the individual. The study also aimed to identify whether there is knowledge within the 
discipline that can be described as troublesome and act as a barrier to developing a deeper 
understanding.  
 
The study used a sample population of 94 students over a three-year period from an 
undergraduate module, at Oxford Brookes University, Oxford. This formal situation allowed a 
blended communication strategy to be evaluated within known parameters of a university 
module before being applied to the wider public.  
 
A coding analysis of the students’ weekly online journals identified the perceived key concepts 
whilst an assessment of the coded entries using the Biggs and Collis (1982) SOLO taxonomy 
illustrated their level of understanding. In conjunction with the weekly journals the students 
contributed to a group wiki website that over the course of the module developed into a 
representation of their collective understanding of the scientific debate. The taxonomy is applied 
to the wiki contributions allowing a comparison between the understanding within an individual 
forum (online journal) and a social forum (wiki). An end of module questionnaire evaluated the 
students’ perception of the learning process. 
 
The research showed that within the limitations of the study, eLearning could be used as a 
successful mechanism in a contextual model of communication with the role of the ‘expert’ a 
key factor in facilitating the learners’ experience. 
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Chapter 1 
Introduction 
 
Climate change is widely recognised to be one of the greatest threats facing today’s society, 
with predicted effects ranging from immediate and local through to long-term global 
consequences. Whilst the scientific case for current climate change is compelling (IPCC 2007), 
the consequences of climate change have largely failed to permeate through to individuals 
(Powell and Colin, 2008). This lack of public awareness of the science and the potential impacts 
could be considered a key obstacle to action (Miller, 2001). Several national initiatives such as 
the UKCIP (UKCIP, 2011) have been established to support a wider engagement and 
understanding of the issue but such schemes have met with limited success. The possible 
reasons for such limited success centre on the issue that climate change is a complex subject, 
and that a wide ranging academic, political and social research literature on the science and 
wider implications of climate change has failed to communicate the key issues in an accessible 
way (Wagner, 2007). These failures to adequately communicate both the science and the social 
science of climate change at a number of levels results in ‘communication gaps’ that act as 
fundamental barriers to both understanding and engagement with the issue. 
 
To redress this communication gap the discipline of geography has attempted to re-focus itself 
to address key environmental issues such as climate change by adopting a more holistic 
approach to research (Bauer et al., 1999: Clifford, 2001). This move away from a ‘science for 
science sake’ approach (Clifford, 2001) places research within a social and political context 
(O'Riordan, 1994, Gregory, 2000, Clifford, 2001, Harrison et al., 2004) providing concrete 
information that can support public understanding and develop trust in the process (Demeritt, 
2001, Wagner, 2007).  
 
Geography is perhaps a unique discipline in the examination of the issues surrounding current 
climate change in that it commonly examines the issue from both science and social science 
perspectives. Given that much of the role of ‘geographers’ within both academic and more 
public contexts is to act as a means of translating the meaning and consequences of complex 
socio-environmental issues, this would suggest that perhaps geography and geographical 
approaches are key to bridging identified communication gaps.  
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Golledge (2002) and Peet (1999) both suggest that placing geographical research at the 
Human-Environment Interface (HEI) could facilitate this interdisciplinary approach as modelled 
by Gregory et al. (2002) in figure 1.1. 
 
 
Figure 1.1. A future model of physical geography highlighting the five over-lapping sub-disciplines in the 
context of a multi-disciplinary and problem-orientated themes (Gregory et al., 2002) 
 
The model integrates the five sub-disciplines within physical geography that are situated within 
a set of socially driven, ‘real-world’ requirements. The integrated nature of the model 
accommodates the need for a new multi-disciplinary approach, placing research outside of the 
laboratory. Gregory et al.’s (2002) model though does not address the issue of how to 
communicate the research in a meaningful way to society that allows the public to develop a 
deeper understanding of the science. 
 
When attempting to engage the public with understanding science, Geographer’s have typically 
adopted communication strategies that reflect a deficit model, whereby information is simply 
passed from the academic to the individual, for example through an Internet website, book, 
television/radio programme or news feature. This approach has the desired effect of 
disseminating the science into the public realm but does not allow the individual to actively 
engage with understanding the science. An alternative to the deficit model is the contextual 
model that defines communication as a process of dialogue between an expert and non-expert 
regarding socially contextualised information, where both parties have an equal stake in the 
 12 
knowledge construction (Burns et al., 2003). In keeping with the need for a dialogue to be 
created, the contextual model places a greater emphasis on the role of non-expert members of 
the public through the creation of scientific communities (Gross, 1994, Miller, 2001, Burns et al., 
2003, Sturgis and Allum, 2004). Within these new scientific communities the individual situates 
their learning in their own personal context established as part of a wider social context (e.g. 
social background, religious beliefs, political orientation, education) creating their own personal 
understanding (Sterman and Sweeney, 2007). Establishing these communities though can be 
problematic particularly in ensuring a wide representation of stakeholders (Rowe et al., 2005). 
 
Understanding of how to communicate complex scientific ideas though is not a new issue within 
academia where lecturers have been teaching students using a range of techniques and 
technologies appropriate to the time. In recent years, within Higher Education Institutes the 
Internet has frequently been used as a teaching and learning tool to communicate complex 
ideas such as climate change to students albeit with varying degrees of success. Within the 
Geographical, Earth and Environmental Sciences, there has long been a commitment to the 
development and implementation of eLearning resources, often exploiting the strong visual 
dimension of the subject (Dibiase, 2000, Mendler et al., 2002, Lemke and Ritter, 2000, Ritter 
and Lemke, 2000, Solem, 2000). However, such resources tend to be highly demanding of 
technical skill, time intensive in development, and the results often unsatisfying from a 
pedagogic perspective. Walton (2001) identifies a number of basic pedagogical issues within 
such first-generation web sites that compromise their value as a learning tool: 
• The information is controlled centrally; 
• Engagement with the media tends to be passive; 
• The information tends to be static; 
• There is no facility to measure understanding of information presented. 
An awareness of these limitations has led some practitioners to develop the use of second-
generation of web sites that allow a dialogue to develop between the web host and users. Two 
popular instances of these social orientated websites include Weblogs (Blogs) and Wikis. Both 
allow for the dynamic exchange of information, setting up dialogues not only with the website’s 
author but also with the wider community who decide to engage with that resource. 
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Immediately, all participants have parity of access to the information, changing content as they 
develop their understanding, which allows the original ‘author’ to identify if they have understood 
the original research (in the context of science). The author is then able to address any 
misunderstandings and if necessary re-word the original ideas in order that others can fully 
understand and engage. There is also a possibility that the community can inform the scientific 
process by highlighting aspects not previously considered by the researcher. This social 
construction of knowledge has pedagogical implications within undergraduate degree 
programmes as well as within the wider scientific community. However, these principles are not 
being adopted when academics engage with individuals outside of Higher Education creating a 
communication gap that could be remedied if principles learnt in the classroom were applied. 
 
1.1 Outline of the key research questions and sub-questions  
This project aims to identify and evaluate using pedagogic principles the effectiveness of in 
using second-generation web technologies within a Higher Education Institute in order to 
encourage a deep understanding of the themes and issues within climate change research. It is 
anticipated that the study findings could also be extrapolated to inform a wider communication 
strategy that geographers could use to support the public’s understanding and engagement with 
climate change science. The thesis is framed by the key research question: 
“Can online technologies bridge the communication gap(s) in climate change science?” 
 
From this key question, three research sub-questions are developed from the review of current 
literature on the state of the mechanisms and strategies used to communicate scientific 
knowledge to both formal learners, and the wider public: 
• What are the threshold concepts in climate change science? 
• How does the use of online technologies affect the learners’ ability to engage with climate 
change science? 
• How does the process of reflection support understanding of climate change science? 
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1.1.1 What are the threshold concepts in climate change science? 
Meyer and Land (2003) suggest that learners can find certain ideas and concepts within a 
discipline difficult to understand and these act as a barrier to deeper understanding of a subject. 
To move beyond these threshold concepts, Meyer and Land suggest that the expert needs to 
support the learner through a range of learning experiences that allows the development of 
learning strategies particular to the individual. Meyer and Land’s research into these threshold 
concepts has been situated within Economics, but has been suggested to be more widely 
applicable though there has been no attempt to either define or evaluate threshold concepts to 
climate change science (Bradbeer, 2005). By identifying whether common threshold concepts 
exist specifically in climate change science for cohorts of either formal or informal learners, 
scientists will be better able to support the public in understanding these concepts by changing 
how the knowledge is communicated to help overcome these barriers to learning. As explained 
below, it is suggested that the use of online technologies may promote the removal of such 
barriers to learning. 
 
1.1.2 How does the use of online technologies affect people’s ability to engage with climate 
change science? 
Online technologies in the form of second-generation websites, such as discussion forums, 
wikis and blogs could provide the opportunity of addressing the communication gap between 
the scientific community and the wider public. They are easily accessible by both groups and 
the content can be monitored by the scientist ensuring a greater degree of accuracy. These 
websites also have the potential to encourage dialogue between the two groups allowing 
scientists to gauge public understanding of the science and remediate gaps in knowledge whilst 
the public have an opportunity to test their understanding and directly inform the research 
process. This mutual construction of understanding is seen in websites such wikipedia where 
scientists and lay public are able to express their understanding of a subject, challenge 
knowledge presented by other people or extend thinking by presenting information from an 
alternative perspective leading to a dynamic understanding. The analysis of data from publically 
available wikis such as wikipedia would prove problematic in that consent would need to be 
sought from the owners of the site and from each contributor. It is also not possible to identify 
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who is accessing the wiki and contributing to the shared understanding. By using a Higher 
Education institute, it is possible to establish a controlled context in which to test the new modes 
and mechanisms of engagement. Where appropriate, members of the institute involved in the 
study can be identified that would not be possible within a site such as wikipedia, allowing for a 
broader range of data sampling techniques including interviews and participant observations. 
Section 1.2 develops the advantages of using a sample population from a Higher Education 
institute. 
 
The second sub-question is addressed in this thesis through a longitudinal case study (see 
below) that aims to evaluate the efficacy of second-generation websites in supporting learners’ 
engagement with climate change science. In addition, the thesis will attempt to assess the 
extent to which an individual’s preferred learning style might facilitate or act as a further barrier 
to understanding through this learning medium. 
 
1.1.3 How does the process of reflection support understanding of climate change science? 
The process of reflection is seen as the key tool to support the development of deeper 
understanding within a constructivist paradigm (Kinsella, 2006). During this process, learners 
are encouraged to ‘think, challenge and question’ (Chitpin, 2006:75) their understanding before 
re-testing what they know through a new learning experience (Kolb, 1984) which Vygotsky 
(1978) suggests needs to be facilitated with other people. However, as with other learning skills 
the learner needs to be guided by an expert. The current deficit model of engagement within 
climate change science does not facilitate opportunities for reflection within a shared space 
preventing learners from developing a deep understanding of the science, whereas a contextual 
model does allow this to occur. Within educational philosophy, the social constructivist paradigm 
closely mirrors the contextual model through its application of dialogue to construct knowledge 
through shared experiences that are set within the context of the learner. This thesis evaluates 
the role that reflection plays in understanding climate change science and how that skill could 
be employed within a contextual model of engagement. 
 16 
1.2 Identification and rationale of the research population 
The research population used for the project is recruited from three successive cohorts  (2004, 
2005, 2006) registered for a second year undergraduate module ‘U21133: Environmental 
Processes and Change:’ at Oxford Brookes University. The nature of the modular degree 
system at Oxford Brookes University during the study resulted in a diverse body of 
Geographers, from both science and social science backgrounds, as well as students from non-
geography backgrounds studying for degrees in Anthropology, Sociology and Earth Sciences, 
for example. As such, this population reflects a broad range of prior knowledge of climate 
change science at the start of the module. The students studying the module in each year 
provide a controlled group that enables evaluation of different modes and mechanisms of 
engagement, based on a social constructivist paradigm. Using an undergraduate module in this 
way provides the study with a stable population that is beneficial in carrying out a longitudinal 
study, in that all the students who started the module also completed it.  
 
The module, prior to the study, conformed closely to the deficit model of engagement, where 
there is a passive dissemination of knowledge to the students who demonstrated understanding 
using a summative assessment process. This provided an opportunity to introduce a contextual 
model of communication to the module and to directly compare the two models of engagement 
and the role that online technologies could play in supporting learner engagement and 
understanding of climate change science. As noted earlier, the contextual model of 
communication can potentially be used to meet the needs and demands of both public and 
specialist climate change communities. Educationally, the social constructivist paradigm closely 
reflects this contextual model, where learning about something relevant to the individual takes 
place within a social environment. A formal educational environment such as the undergraduate 
module provides an opportunity to evaluate how this pedagogical approach can be used in 
relation to the contextual model of a new strategy to bridge the communication gap.  
 
1.3 Outline of the research structure 
The thesis begins by exploring the current literature to evaluate the current mechanisms and 
modes of engagement within the discipline to communicate climate change science and what 
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alternative models could be employed to support the learner’s greater engagement with the 
science to develop a better understanding. The literature review concludes with an evaluation of 
the role that second-generation web technologies have in supporting climate change scientists 
in developing public understanding, this position draws on the experiences and understanding 
of using eLearning within a Higher Education institute. A mixed methodology approach using 
both qualitative and quantitative techniques is used in this thesis to test the research questions 
identified in section 1.2. Following a pilot study (2004), two successive student cohorts (2005, 
2006) were introduced to an increasing level of online learning technology to support the 
module. The students understanding of the science is assessed using the Biggs and Collis 
(1982) SOLO taxonomy to evaluate the efficacy of the communication and engagement process 
during the module. This taxonomy identifies the degree to which the learner is able to 
synthesise ideas and concepts that can be applied to new contexts, and thus provides a good 
indication of the depth of understanding of key issues. From evaluation of these datasets a 
strategy is recommended that supports engagement and understanding of the public in climate 
change science. 
 
The thesis then introduces the results from the data analysis, firstly from the pilot study and then 
from the main section of the study where the eLearning is introduced and the students’ depth of 
understanding of the climate change science is identified. The results of the study are then 
discussed in relation to the debates presented at the start of the thesis and in the literature 
review to evaluate the extent to which the strategy used in the project allowed the students to 
become more engaged in the learning process and whether their understanding was deepened 
as a result of greater opportunities for reflection. The role of eLearning and in particular second-
generation web technologies is evaluated in respect of how these can be used as a successful 
mechanism for engagement within a formal educational context. Finally, the thesis details how 
the principles identified within the project can be employed by a research institute to support 
public understanding and engagement with climate change science.  
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Chapter 2 
Current strategies for communicating climate change science 
Geography as a discipline is under increasing pressure to move away from the laboratory and 
out into society so that the research becomes relevant to the public and begins to find solutions 
to real-world problems. The issue of climate change provides an ideal context for geography to 
position itself; drawing on the range of research from the sub-disciplines that, once 
communicated to the public, can help inform life-choice and policy. However, from the public’s 
perspective, the range of research being disseminated can appear overwhelming and 
sometimes conflicting leading to confusion and possible apathy towards the information and 
potentially the issue of climate change.  This chapter draws on educational theory in order to 
evaluate the current communication strategies employed by climate change scientists to inform 
the public of the key ideas and concepts necessary to make informed life choices and influence 
policy. The chapter then discusses what new approaches scientists could use to disseminate 
their research that draws on pedagogical understanding to actively engage the public that leads 
to a deeper understanding of climate change science. 
 
2.1 The relationship between the climate change scientist and the public 
Despite there being a greater demand for science that can be used to inform life-choices there 
is typically a hesitancy in engaging the public with their research as the scientist feels they lose 
control of the information that could lead to misunderstanding or misuse, potentially fuelling 
scientific controversies (Leshner, 2007). The deficit model of communication traditionally used 
to disseminate information to the public supports this problem by placing the ‘expert’ climate 
change scientist at the top of an information chain feeding knowledge down to the non-expert, 
passive public (Burns et al., 2003, Young and Matthews, 2007). This chain process does not 
provide a mechanism for the public to communicate back to the scientist any concerns or 
misunderstanding of the issues. However, if the scientist could find a way to identify what the 
concerns or misunderstandings are then there is the potential to respond and support the 
public’s understanding. This dilemma has been reinforced by the communication mechanisms 
used by climate change scientists to disseminate their research, in particular news media 
(television, newspapers and radio), books, journals, and more recently the Internet (Sturgis and 
Allum, 2004). 
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Leshner (2007: 161) suggests an alternative communication strategy whereby, ‘Effective public 
engagement requires long-term commitment… Thus, the notion of public engagement goes 
beyond public education. We must have a genuine dialogue with our fellow citizens about how 
we can approach their concerns and what specific scientific findings mean.’ This strategy 
emphasises a two-way exchange of information and ideas with the scientist listening to what the 
public consider to be of concern to them and then providing information about scientific 
solutions. However, this approach does not acknowledge the issue referred to earlier regarding 
the creation and use of knowledge. Leshner’s (2007) approach assumes that the public do not 
need to engage with the scientific process beyond being able to identify their need for 
information and also there is no mechanism to evaluate the public’s understanding of the 
science that could lead to misunderstanding and potentially the wrong life-choices. The expert 
and the non-expert in the Leshner (2007) model assumes distinct roles in the communication 
process and these roles are not interchangable.  
 
2.2 The contextual model of engagement 
An alternative to the deficit model is the contextual model that defines communication as a 
process of dialogue between an expert and non-expert regarding socially contextualised 
information, where both parties have an equal stake in the knowledge construction (Burns et al., 
2003, Wagner, 2007). In keeping with the need for a dialogue to be created, the contextual 
model places a greater emphasis on the role of non-expert members of the public through the 
creation of scientific communities (Gross, 1994, Miller, 2001, Burns et al., 2003, Sturgis and 
Allum, 2004, Kim, 2007). Kim (2007) suggests these communities can be achieved through the 
public and scientific community identifying joint problems that, through collaboration, might be 
solved. Through the contextual model, the public become an integral part of the scientific 
community necessitating climate change scientists to develop an awareness of the way that 
they engage with the climate research and how it may differ from expert scientists. Within these 
new scientific communities the individual situates their learning in their own personal context 
established as part of a wider social context (e.g. social background, religious beliefs, political 
orientation, education) creating their own personal understanding (Sterman and Sweeney, 
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2007). The creation of a personal understanding of the science necessitates a communication 
strategy that acknowledges that each member of the public has the potential to learn in an 
individual way. As such, it is necessary for the climate change scientist to understand how the 
learning process is constructed and how to the learner engages with this process. Kahan (2010) 
suggests that an individual accepts knowledge presented to them that conforms to their cultural 
values but rejects information that is counter to the belief of their peers in case they become 
isolated. So, although there is an individual understanding it is greatly improved by a broader 
belief system. Kahan (2010) suggests that communication strategies should acknowledge this 
and present information in a way that does not polarize communities and individuals. Section 
2.4 discusses in more detail the nature of knowledge construction and how this could inform a 
successful communication strategy. 
 
As well as the mode of engagement, it is also necessary to consider the mechanisms the 
research can be communicated through and the position of the scientist and the public that 
occur within this environment. The peer-reviewed journal system is the main avenue for the 
dissemination of scientific research, however the public do not have easy access to such 
sources. Some climate change scientists have directly used mass media (newspapers, 
television and radio) as the main channel of information dissemination to the public and are now 
employing new technologies such as the Internet to provide further opportunities to facilitate 
deeper understanding of the science, as discussed in section 2.8. 
 
2.3 The social constructivist paradigm in climate change science 
The deficit model provides climate change scientists with a framework to engage with the 
public, but has fallen short in meeting the demands of a stakeholder society. As a top-down, 
uni-directional flow of information from the scientific community the deficit model has isolated 
the public from engaging with the science preventing the development of a deeper, holistic 
understanding (Miller, 2001). A deep level of understanding allows the individual to apply their 
knowledge in other contexts beyond the original one and to synthesise it with other concepts 
(Ackoff, 1989, Atherton, 2005). An alternative model based on the contextual construction of 
knowledge may provide both scientists and public with a mode of engagement that develops 
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understanding of both parties resulting in a more socially relevant research agenda. 
 
It is suggested in section 2.2 that for the public to develop a deep understanding of climate 
change science they need to be presented with a variety of personal learning experiences: ones 
that allow them to develop an understanding based on their social context. For this to occur 
members of the public as the learners need to be central to the learning process, with climate 
change scientists providing relevant experiences to develop understanding (Fuller et al., 2000, 
Stefani et al., 2000). 
 
The social constructivist paradigm positions the learner at the centre of the learning process 
providing a suitable approach to support the public’s understanding of climate change science 
(Park, 2003, Cuthbert, 2005). This approach uses learning experiences that draw on the 
individual’s own social context and experiences and as such reflects the contextual model of 
engagement discussed earlier (Vygotsky, 1978, Yakimovicz and Murphy, 1995). For example, 
when communicating the idea of temperature increase as part of the changing climate patterns, 
it would be appropriate, rather than refer to abstract numbers such a 4 oC rise to set the change 
against something they could relate to. This might be by suggesting that the temperature in their 
area could reflect that of a Mediterranean country currently experiencing those conditions. This 
approach to learning also supports the learner in developing a deeper understanding of the 
science allowing the individual to make the conceptual links to form a holistic awareness 
necessary to be able to apply the climate science to their own social circumstances (Giles et al., 
2006). The role of climate change scientists within this paradigm is to act as an expert facilitator 
providing experiences that develop a person’s understanding (Vygotsky, 1978). These 
experiences need to be situated within a social context where they are also able to engage with 
the other people. Vygotsky (1978) suggests that an individual’s ability to learn on their own is 
restricted until they are able to engage with someone with greater knowledge than their own. 
This engagement provides an opportunity to extend their development into a new zone 
representing a transition of knowledge from the Zone of Current Development (ZCD) to a Zone 
of Proximal Development (ZPD). This new zone of proximal development eventually becomes 
the new zone of current development as the learner’s own knowledge develops. Eventually it is 
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necessary to engage with either another climate change scientist or a new learning experience 
to continue developing their knowledge into a new zone of proximal development (Vygotsky, 
1978). Harland (2003) illustrated this transition process and its cyclical nature (figure 2.1). 
 
 
 
 
  
 
  
Figure 2.1 Illustration after Harland (2003) showing how the zone of current development (ZCD) is 
extended through social learning experiences to form a new zone of proximal development (ZPD) that in 
turn becomes the new zone of current development until a new ‘experience’ is engaged with. 
 
A simple example of how the concept of zones of development (figure 2.1) could be applied 
within a climate change context might be in the following way. A person’s zone of current 
development could be that they already understand that greenhouse gases can cause global 
warming but what they don’t know (their zone of proximal development) is what the different 
gases are and how they enter the atmosphere. Once they have understood these factors they 
become part of that person’s zone of current development. The person’s next new zone of 
proximal development might then be in developing an understanding of the impacts of global 
warming on earth systems, in particular the cryosphere.  Once that is understood, the new zone 
of proximal development could be the understanding of the role of albedo in climate change that 
would also introduce changing landuse as a contributory factor etc.  
 
In order for the climate change scientist to support the development of an individual’s 
understanding of the science and apply it to make informed life-choices, they need to employ a 
range of learning tools. These tools maintain the public at the centre of the learning process 
with climate change scientists acting as facilitator to the learning process and is discussed in 
section 2.1. 
 
At the beginning of this section it is suggested that a contextual model could provide an 
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alternative mode of engagement between climate change scientist and the public. This 
approach suggests that the science being communicated should be relevant to the public, 
taking account of their social context could be supported by the constructivist paradigm. 
However, although the social constructivist paradigm positions the non-expert public at the 
centre of the learning process it does not require the expert climate change scientist to engage 
in dialogue. The process of developing understanding from a constructivist perspective requires 
only that the expert facilitates the learning of the non-expert by providing relevant experiences 
and not necessarily require direct engagement in a two-way communication of knowledge. 
Although this dialogue between learner and expert may happen incidentally, it is not explicit 
within the paradigm, meaning that any communication strategy that is based on the contextual 
model and employs social constructivist principles need to explicitly refer to the process of 
engagement and the creation of dialogue. 
 
2.4 The way that the learning process is constructed 
As well as the awareness of the position of both themselves and the public in the learning 
process, climate change scientists need to consider the way that they engage the public with 
climate change science. It has been suggested that within the social constructivist paradigm 
scientific information needs to be communicated in relevant, socially-situated learning 
opportunities. In addition, the learning process needs to meet the ‘principle of continuity of 
experience’ where ‘every experience both takes up something from those that have gone before 
and modifies in some way the quality of those which come after’ (Dewey 1938: 35). This allows 
the public to continue to situate their understanding within the context of previous knowledge 
developing a holistic understanding as described in section 2.6. 
 
In conjunction with the aspects of relationship and context, the social constructivist paradigm 
considers the necessity to identify the tools that people use to develop understanding and to 
support the individual in becoming aware of the tools that they need to develop their own 
understanding (Kinsella, 2006). Within the paradigm, reflection is seen as a key tool in the 
learning process and so opportunities need to be provided that allow the individual to reflect and 
consider how the science can relate to their own context (Dewey, 1910, Popper, 1979). This 
 24 
places a different emphasis on what is being communicated and the process of communication, 
requiring the scientist to not only consider the context within which the climate change science 
needs to be communicated but also how they support the process of reflection. This support 
process requires the scientist, as the expert, to adopt the contextual strategy, as they need to 
engage in dialogue with the public to provide them with feedback on how their understanding is 
developing  (Rushton, 2005, Rust et al., 2005). This feedback needs to allow the individual to be 
aware of the different levels of complexity of the science and then be provided with an 
opportunity to evaluate their own work in relation to the known standards then finally they need 
an opportunity to test their new ‘understanding’ (Sadler, 1989, Boud, 2000). 
 
The cyclical process of engagement, reflection and re-testing is conceptualised by Kolb (1984) 
who proposed a learning model that integrates the social constructivist principles discussed in 
this section. The four stage, cyclical model (figure 2.2) can be entered into at any point but the 
stages need to be followed in sequence (Healey and Jenkins, 2000). 
 
 
Figure 2.2 Kolb’s (1984) model of experiential learning. The learner engages with an experience that can 
be be reflected upon and the derived abstract concepts tested in new situations that lead to new 
experiences and so a spiralling development of understanding is achieved (Healey and Jenkins, 2000).  
 
As identified earlier in this section, Kolb’s (1984) model supports the requirement of the 
communicator to actively engage the individual with an experience that they can reflect on and 
form abstract ideas that they can re-test in a new experiential situation. This allows the 
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individual to develop their understanding in light of new experiences facilitated by the expert. 
The model shows a cyclical learning process that often starts with a concrete experience (e.g. 
fieldwork, lecture, conversation) that the individual reflects upon. A stage of trying to 
conceptualise the ideas follows, they then plan how they can test the new conceptualised ideas. 
This plan can then be facilitated and enacted through another experience. The model has been 
widely used within learning situations as it provides a firm theoretical framework within which to 
develop a learner-centred curriculum that meets a social constructivist pedagogy (Holman et al., 
1997).  
 
Currently within climate change science, this concept is not being fully utilised as members of 
the public do not have an opportunity to test their understanding of the science with 
engagement strategies not facilitating dialogue between climate change scientists and the 
public. Reading a newspaper story or watching a television broadcast about climate change 
science provides the public with a suitable concrete experience that, if they are able to, they 
should be able to reflect on and form their own understanding of the abstract concepts and 
make generalisations about the knowledge. What they are not currently provided with in a deficit 
model is the ability to test their understanding of the concepts and the implications of the 
knowledge to their own personal context. Within a contextual model, supported by Vygotsky’s 
zones of development, this stage of the cycle could be supported through dialogue with climate 
change scientists who could provide feedback that allows the individual to test their 
understanding. Alternatively, other members of the learning community could act as the ‘expert’ 
providing the feedback through discussion. 
 
2.5 The tools that people use to process information 
The previous sections showed that for a climate change scientist to be able to support an 
individual’s understanding of the climate change science they need to provide opportunities to 
reflect on the information being communicated. The current application of the deficit model does 
not provide a suitable environment to allow scientists to help the public to reflect on their 
developing knowledge or to integrate it into their own context. The contextual model can provide 
greater support for the reflective process through dialogue between the individual and ‘an 
 26 
expert(s)’. This two-way communication allows the scientist to provide feedback as the member 
of the public articulates what their understanding of the science is before providing a new 
‘concrete experience’ that builds on previous knowledge and concepts. 
 
Reflection is seen as the key tool (Kinsella, 2006) to support the development of deeper 
understanding of climate change science within a social constructivist paradigm, however, it is 
also necessary to consider the way that an individual engages with the learning process in the 
form of their learning style (Desmedt and Valcke, 2004, Rosenfeld and Rosenfeld, 2004, Sadler-
Smith and Smith, 2004). The concept of learning styles is problematic and has led to the 
development of diverse classifications and techniques to measure them. Additionally it is used 
interchangeably with the concept of cognitive style (Reynolds, 1997, Sadler-Smith, 2001, 
Cassidy, 2004, Becta, 2005, Healey et al., 2005). The two concepts have been differentiated, 
cognitive style being described as a person's typical way of problem solving, thinking, 
perceiving and remembering whereas learning style is considered the application of the 
cognitive style in a learning situation (Riding and Cheema, 1991). In addition to these two 
concepts, a further concept of learning strategies dealing with how individuals apply different 
learning styles and cognitive styles to complete a task (Sadler-Smith and Smith, 2004).  
 
An individual develops their own learning styles as a result of either neuro-function processes 
that determine how information is received and processed in the brain, or as a result of varying 
experiences (Becta, 2005). Gardner (1983) typifies this theory based on neuro-functions where 
he identifies seven multiple-intelligences (MI) or modes used by the learner to engage with the 
learning process (Gardner, 1983, 1995). A description of these can be seen in table 2.1. 
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Learning style Description  
 
Visual People who prefer using images, pictures, colors, and maps to organize information 
and communicate with others. 
 
Linguistic/verbal  People who have highly developed auditory skills and often think in words. They like 
reading, playing word games, making up poetry or stories. They can be taught by 
encouraging them to say and see words, read books together. 
 
Musical/aural People who show sensitivity to rhythm and sound. They love music, but they are also 
sensitive to sounds in their environments. They can be taught by turning lessons into 
lyrics, speaking rhythmically, tapping out time.  
 
Kinaesthetic People who like movement, making things, touching. They communicate well through 
body language and can be taught through physical activity, hands-on learning, acting 
out, role playing.  
Logical People who like to think conceptually, abstractly and are able to see and explore 
patterns and relationships. They like to experiment, solve puzzles and ask broad, 
abstract questions.  They need to learn and form concepts before they can deal with 
details. 
 
Intra-personal People who are more private, introspective and independent. They can concentrate 
well, focusing thoughts and feelings on the current topic. They are aware of their own 
thinking, and can analyse the different ways they think and feel. They are very good at 
reflection and like to keep journals or personal logs. 
 
Inter-personal  People who communicate well with others, both verbally and non-verbally. They 
typically prefer learning in groups or classes, or like to spend much one-on-one time 
with a teacher or an instructor. Their learning is heightened by sharing their thoughts 
with other people and listening to how they respond. They prefer to work through 
issues, ideas and problems with a group.  
 
Table 2.1 Descriptions of the 7 multiple intelligences suggested by Gardner (1983) These have been 
suggested to characterise learning styles. 
 
Each of the intelligences has its own set of operations and so support different activities for 
example, people that use musical intelligence may use key sounds to relate to and represent 
learning processes and objects. Because the intelligences are independent of each other 
individuals tend to show an uneven profile with some intelligences greater than others (Gardner, 
1983). 
 
This approach proves problematic for climate change scientists trying to communicate their 
research to a public who, according to Gardner (1995) all learn in different ways (Klein, 1997).  
The logistical difficulties in trying to communicate key climate change science concepts to 
reflect the public’s different styles of learning could make the process unmanageable. Klein 
(1997) suggests that rather than focussing on the nature of intelligences, climate change 
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scientists should focus on the knowledge to be communicated and the strategies that people 
use in learning situations. 
 
Kolb (1984) typifies most educational theorists in believing that learning styles are developed 
through experience. In section 2.4 it is seen that Kolb’s cycle of experiential learning is a 
spiralling development of understanding through reflecting on a concrete experience where a 
person can develop a new way of looking at the concept and then testing out this new 
understanding through other experiences. In order to engage with the four aspects of the cycle 
Kolb suggests that the individual develops a particular strategy that is allied across two axes, as 
seen in figure 2.3. 
 
  
Figure 2.3 Illustration of Kolb’s Learning styles that form part of the cycle of experiential learning model, 
the four quadrants indicate the learning style index (Schaller et al., 2007). 
 
Kolb and Kolb (2005) define the four learning styles in the model as the person’s preference of 
learning at the different phases of the cycle. These preferences are based upon heredity, life 
experiences and environmental demands and remain constant in the short term (Cuthbert, 
2005). People with a learning style that is creative (diverging) tend to be creative in their 
approach to learning and perform better in situations that call for the generation of ideas in a 
social setting. In contrast those with a practical (converging) learning style will be best at finding 
practical uses for ideas and theories and therefore prefer to learn in an active, practical 
environment (Kolb and Kolb, 2005). 
 
Reynolds (1997) disputes the notion of learning styles and in particular Kolb’s model, 
suggesting that it places too much emphasis on the personal and not enough focus on the 
 29 
social and historical context within which learning takes place. Reynolds also suggests that the 
application of learning styles can stereotype learners and not recognise the fluidity of an 
individual’s learning. For example, a person may find it easier to initially learn using a practical 
learning style but subsequently find it easier to use a creative learning style and then later prefer 
to use a practical learning style again. An alternative perspective to identify the individual 
learner’s style would be to observe a person’s approach to the learning situation (Reynolds, 
1997). This reflects Klein’s (1997) suggestion of teaching according to an individual’s learning 
strategies. Marton and Saljo (1976) observe that students use two approaches to learning, deep 
(integration of knowledge into exisiting understanding) and shallow (short-term memorisation of 
‘material’) whilst Pask (1976) suggests students’ use one of two approaches, serialist 
(concentrating on detail over global perspective) or wholist (able to perceive the broad view of 
the task). However, both of these theories focus on the context of the learning and not on the 
students’ position within the learning context and, like the learning styles, stereotypes 
individuals in the way that they engage with the learning process (Cuthbert, 2005). 
 
Regardless of the theories and critiques of learning styles, what is evident is that individual’s 
learn or approach learning in a variety of ways that can change over time. Social, cultural and 
personal contexts change along with altering neuro-functions necessitating a strategy that can 
adapt and meet these changing requirements. Also, the strategy needs to be able to meet the 
learning needs of the individual. The deficit model discussed in section 2.1 can facilitate this 
demand to meet an individual’s learning needs in so far as the information can be presented 
using a variety of media that can engage learners’ multiple intelligences. The deficit model 
however does not allow climate change scientists to determine the level of public understanding 
and engagement, as there is no mechanism for individuals to communicate their level of 
understanding back to the scientist. The contextual model by contrast, could provide climate 
change scientists with the opportunity to facilitate a mode of engagement that reflects the 
learners’ learning style either as reflection of their multiple intelligences or their learning 
situation as discussed in section 2.2. The dialectic aspect of the contextual model provides 
climate change scientists with a mechanism to identify levels of public understanding of the 
climate change science allowing them to alter the way that the information is communicated and 
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accessed. Once these levels have been identified they can then be accommodated in the way 
that the next research is presented. 
 
2.6 The public’s need to understand the complexity of climate change science 
At a time when scientists are increasingly being called upon to find solutions to real-world 
problems they are failing to adequately engage the public with all the information necessary to 
make informed life-choices (O’Riordan, 1994). This failing is not through a lack of motivation 
(Davies, 2008, Martín-Sempere et al., 2008) but through a lack of understanding of what and 
how to communicate (Leshner, 2007). 
 
The public demand for scientific research that could provide solutions to current global issues 
such as climate change has led to a review of how climate science is constructed (O’Riordan 
1994, Gregory 2000). The social constructivist paradigm discussed in section 2.3 suggests that 
deep understanding can be achieved if the learner is supported in identifying the connections 
within the science. Therefore, rather than perceiving the research field as distinct elements it is 
suggested that a holistic perspective towards the research questions emphasising ‘the complex 
global tapestry’ (Bauer, 1999: 680) be developed. It is therefore becoming necessary to place 
public understanding of the range of climate change research within the context of the overall 
climate system rather than reducing the system to discrete parts (Jones and Mann, 2004).  
 
According to work in education theory, the need to support the public in identifying the links in 
the system that would lead to a holistic understanding of the science requires the scientist to be 
able to classify the knowledge being engaged with into three forms: knowledge ‘that’, 
knowledge ‘how’ and knowledge ‘of’, with each requiring a different communication strategy 
(Jarvis, 2002). Knowledge ‘that’, is considered factual in nature; knowledge ‘how’ is pragmatic, 
requiring the need to test the nature of it through experience and finally, Knowledge ‘of’ relates 
to people and places. Therefore the scientist needs to know the nature of the knowledge being 
communicated before identifying a strategy to engage people with it. Because of the complex 
nature of climate change science, it is likely that a variety of knowledge needs to be 
communicated, necessitating a need to adopt a diverse range of teaching styles and strategies.  
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In addition to the three knowledge types identified by Jarvis (2002) Tee and Karney (2010) 
suggest that the scientist needs to consider the role of both explicit and tacit knowledge in 
understanding climate change science, that is the knowledge that is known and can be 
explained (explicit) along with the knowledge that we know but find hard to articulate (tacit). As 
with Jarvis’ classifications of knowledge Tee and Karney suggest that for the learner to be able 
to engage with both types of knowledge the scientist needs to employ a range of learning 
mechanisms that could include face-to-face as well as online facilitation. What is critical, they 
argue, is to provide the learner with a cyclical learning strategy similar to that proposed by Kolb 
(1984) and discussed in section 2.4 that allows the tacit knowledge to be understood alongside 
the explicit knowledge that leads to deep understanding. This necessitates the scientist to not 
only consider the learning mechanism but also that the mode of engagement allows the learner 
to be at the centre of the process so that they can assimilate, reflect and apply their own 
understanding in their own unique situations. 
 
2.7 The role of threshold concepts as barriers to understanding 
It is discussed in section 2.1 that it is important to be able to situate the research into a personal 
understanding within the wider climate change debate. However, these broad concepts can be 
subdivided into more specific issues that are pertinent to particular scientific disciplines. These, 
when placed in the context of other concepts should ideally lead to a holistic understanding. 
Meyer and Land (2003) suggest that within individual disciplines there may be concepts or 
ideas that act as barriers to developing a deeper understanding of the whole science. These 
‘threshold concepts’ form a gateway that once understood allows the individual to access 
higher-level concepts or engage with new ways of thinking within the science (Meyer and Land, 
2003). Table 2.2 shows the five criteria that distinguish a threshold concept from any other 
concept. 
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Criteria  Description 
 
Transformative Requires a significant shift in the individual’s perception of a concept 
 
Irreversible Unlikely to be unlearnt 
 
Integrative Exposes the interrelatedness of concepts within the discipline 
 
Troublesome Often the understanding is counter-intuitive to what the learner perceives as 
common-sense 
 
Bounded The concept will be bordered by other concepts within the discipline 
Table 2.2 Description of the 5 criteria used to identify threshold concepts (Meyer and Land, 2003).  
 
Although the aspects are distinct, the transformative, irreversible and integrative aspects of a 
threshold concept will be interwoven (Davies, 2003). For example, a concept that is ‘integrative’ 
will be ‘transformative’ as it changes the way the learner perceives their own understanding and 
helps develop and support understanding of other concepts and therefore less likely to be 
‘irreversible’.  
 
For an individual to understand threshold concepts, they need to pass through a liminal phase: 
a transitional process that has been likened to adolescence where a youth passes from 
childhood to adulthood (Meyer and Land, 2005). During this period of liminality the person faces 
blocks to their understanding and may find it necessary to revisit aspects of their learning to be 
able to understand the concept (Davies, 2003). In order to pass through this liminal phase and 
overcome any learning blocks the individual needs to engage with a person of greater 
knowledge to direct their understanding (Davies and Mangan, 2005). This role reflects the 
position suggested by Vygotsky (1978) in his discussion on zones of development (figure 2.1) 
as discussed in section 2.3. Finally, within the liminal phase the individual may revert to mimicry 
through copying academic work as a means of engaging with a threshold concept (Meyer and 
Land, 2005, Cousin, 2006). This mimicry is used when a concept has been understood in a 
simplistic way and the person has not been able to make the necessary transformative process 
to developing a deeper, synthesised understanding (Cousin, 2006). 
 
It is seen in section 2.6 that there is need to understand and synthesise global and specific 
concepts to develop a deeper understanding of climate change science. However, to-date there 
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has not been any research identifying whether such concepts can be classified as threshold 
concepts. If it were possible to determine whether individuals found particular concepts 
troublesome then the expert could design learning experiences to support their understanding. 
This support, if developed within a contextual frame using social constructivist principles, 
provides the individual with a range of socially situated learning experiences that allows the 
learner to employ a range of learning styles to help through the liminal phase of understanding. 
These learning experiences also need to build on previous ones forming a spiralling 
development of understanding using reflection as a key tool (Rovai, 2004). 
 
2.8 Mediums of public engagement by climate change scientists 
As seen in section 2.2, particular models of engagement may provide climate change scientists 
and the public with different opportunities to develop understanding of the climate change 
debate.  In conjunction with the mode of engagement, climate change scientists will also need 
to consider the mechanisms that they use to engage the public with to ensure that they are able 
to facilitate the dialogue required within the contextual model.   
 
2.8.1 Mass media mechanisms of engagement with climate change science 
Mass media (including television, radio and newspapers) have played an important role in the 
dissemination of scientific research to the public to develop a scientifically literate society 
(McInerney et al., 2004).  However, this mechanism has typically facilitated the deficit model 
providing a top-down, one-way transmission of information from scientist through journalists to 
the public rather than a public focused dialogue as provided in the contextual model. However, 
because the mass media plays such a significant role in providing people with access to 
scientific information it should not be rejected as a mechanism for communication (Sturgis and 
Allum, 2004). Instead, new roles need to be identified for the technology to be able to use it in a 
way that creates opportunities for two-way communication facilitating deeper understanding and 
the creation of broad scientific communities.  
 
The majority of scientific information is accessed by the public from television, with the Internet 
currently the second most common source; however for information on specific social/scientific 
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issues such as climate change the public will often refer to the Internet first (National Science 
Board, 2008). However, for the scientific research to reach the public through these channels it 
must first go through a journalist who then needs to interpret it to create a news story that can 
be published for public consumption. This news chain places a great deal of emphasis on the 
scientific ability of the journalist to correctly interpret the research and on the ability of the 
scientist to provide information that is easily understood by the journalist to avoid 
misinterpretation. Compounding the problem is the nature of scientific information that Ungar 
(2000: 308) notes ‘is an encoded form of knowledge’ that in order to be understood by a lay 
scientific public needs to be decoded. Journalists though, often lack the ability to decode the 
knowledge as they do not have the necessary training and personal understanding to be able to 
report on the science in a way that is both accurate and meaningful (Wilson, 2000). This inability 
to decode scientific reports, Wilson states, comes from the journalists’ own lack of scientific 
education. The scientific education need not come from a formal background but from being 
involved in full-time reporting of science rather than a science education. Journalism reporters’ 
accuracy increases when they gain their scientific information from the actual scientist and not 
from other media sources. The difficulties in the relationship between the scientist and the 
journalist is a two-way problem with the scientist being criticised for not being able to 
communicate their research in an accessible way and in a form that can be used easily within a 
news story (Weigold, 2001). This results in a situation where neither party is aware of the needs 
of the other (Young and Matthews, 2007) that can be avoided if the scientist undergoes specific 
training as part of their professional development to understand the needs of the journalist and 
the way to communicate information that is useful to the public (Leshner, 2007, Poliakoff and 
Webb, 2007). 
 
When the climate change scientist is identifying research to disseminate through the mass 
media as well as the language of the information they also need to consider how newsworthy 
the research is. Scientific journalism like other fields within the media are event driven and 
aspects of the science will only be reported upon depending on the level of journalism or public 
interest at the time (Shanahan and Good, 2000, Stamm et al., 2000). The more sensational the 
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news report the more likely the research maintains public interest and gains more coverage for 
longer. 
 
2.8.2 The Internet as a specific means of engagement 
The Internet, as a medium of mass communication, is having an increasingly influential role in 
the way that the public are engaging with scientific research; however, specific research on the 
way that this technology can support engagement and understanding within climate change 
science is limited by comparison with research on television and newspaper reporting (National 
Science Board, 2008). This influence is in two forms: as an educational tool for the journalist 
and as an alternative mechanism of information dissemination.  
 
Science journalists have adapted their practice in order to take advantage of the Internet,  using 
it as an aid to research stories both in terms of depth of information and the range of science 
ensuring that the news features more closely reflect the original science (Trumbo et al., 2001, 
Dumlao and Duke, 2003). However, journalists are more sceptical about the scientific 
information retrieved from the Internet than the information they could retrieve from other 
sources, in particular, speaking directly to the research scientist (Trumbo et al., 2001, Dumlao 
and Duke, 2003). As well as a mechanism for providing journalists with a greater understanding 
of the science that they can use to inform their writing the same information can also be used a 
means of communicating directly to the public. The first generation of websites provided the 
climate change scientist with an opportunity to communicate their research directly to the public 
avoiding the need to use journalists (figure 2.4). 
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Figure 2.4 Screen shot from the UK Government web site that uses first-generation web technology 
(Defra, 2008). 
 
This meant that they could control the content to ensure that it remained scientifically accurate, 
a problem when using a journalist to communicate on their behalf. Although this eliminates the 
problem of the journalist misinterpreting the science, climate change scientists did not have a 
mechanism to evaluate the public’s understanding of their research and so the research could 
still be misinterpreted. This suggests that the Internet does not provide any greater advantage 
as a medium of communication as it reinforces the deficit model of engagement as the scientific 
knowledge is transmitted in a unidirectional way  (Byrne et al., 2002). 
 
Since the introduction of the first web sites, second-generation websites (web 2.0) have been 
developed that create online communities that allow people to share the creation of the sites 
and share information (DiNucci, 1999). Development of web 2.0 technologies has led to the 
creation of tools such as web logs (blogs), Wikis, tiddly-Wikis, managed learning environments 
and social spaces such as ‘Facebook’, ‘MySpace’ and ‘Bebo’ (Butler, 2005). These social-
orientated web technologies are specifically engineered to facilitate dialogue and the two-way 
exchange of information and ideas, making them an ideal mechanism that fits within a 
contextual model (Joinson, 2003, Butler, 2005) (figure 2.5).  
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Figure 2.5 Screen shot from the RealClimate web site that uses second-generation web technology 
(RealClimate, 2008). This site is an example of a blog that allows the author(s) to post information in the 
form of text, graphics or video that can then be commented on by other users as a linear threaded 
discussion.  
 
These systems could provide climate change scientists with an opportunity to promote an 
informed dialogue even where informal scientific communities exist. The ability to have 
computer mediated communication (CMC) means that it is possible to avoid the criticisms of 
scientists using inappropriate language to communicate their science as any misinterpretation is 
immediately acknowledged or challenged and discussed (Miah, 2005). This difference in use of 
Internet technology can be seen when comparing two web sites that employ either first or 
second-generation web technology. 
 
Figures 2.4 and 2.5 show screen shots from two web sites providing information on climate 
change using first and second-generation web technology respectively. The intention of both 
web sites is to engage the public and develop understanding of the current climate change 
science; however, the modes of engagement are very different. The web site (figure 2.4) 
developed by Defra uses the deficit model, providing a series of internal links to information 
without providing the opportunity for the public to question any of the science beyond a link 
allowing email communication. The second-generation web site in figure 2.5 is developed by a 
group of climate change scientists operating across a range of disciplines and institutions 
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creating an informal science community. This web site in the form of a blog follows the 
contextual model by allowing a dialogue to be created by the readers/users regarding the 
scientific information. 
 
2.9 The role of web 2.0 technologies in Higher Education 
Internet technologies described in section 2.8 have not only been used as mechanisms of 
engagement with the public but they have also been used internally to support understanding 
within the Higher Education institute itself. Their use in teaching and learning has developed to 
reflect the progression of both the technology and its implementation through pedagogical 
practice (Lynch et al., 2010) and as such its use within universities and colleges can provide a 
useful model for the wider public engagement. This development reflects the changing demand 
of the public as to the way they want to access information, with students increasing 
technological demands causing lecturers to look for new and innovative ways to engage them. 
However, even though the students may have the technical understanding of how to access this 
information they do not necessarily have the critical ability to draw out the learning from it 
(Lynch et al., 2010). As with traditional methods of teaching and learning, students need to have 
the necessary skill-sets to be able to access the information being communicated through web 
2.0 technologies. Baldwin-Evans (2010: 157) identifies 8 steps necessary in supporting the 
learner as they engage with the online learning process with the key being step 1, ‘Ensure 
Learner Readiness’ by for example, fully explaining: how the web 2.0 learning fits into the 
overall learning process that might also include face-to-face lectures; how to use the technology 
and what support mechanisms are available. Baldwin-Evans also suggests that any support 
needs to be on-going with this information reiterated to the learner so that they do not become 
isolated or frustrated with a possibly new way of learning. 
 
With a wide range of eLearning tools available to the lecturer it would be easy to assume that all 
of them are appropriate at all stages of the learning process however, students need to see that 
the mechanism of engagement conforms to their expectations (Mitchell and Forer, 2010). 
Mitchell and Forer (2010) found that students, although more technologically adroit, found using 
text messaging as a communication mechanism with their tutors to be too informal and 
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preferred to use more structured modes such as emails or face-to-face meetings. Wikis provide 
an opportunity for the co-authoring of websites where each contributor can add, delete or edit 
any information written by any of the other users to develop a shared understanding of a topic. 
As another example of an online eLearning tool, they can be used within a social constructivist 
paradigm (section 2.3) to promote collaborative learning leading to a deeper understanding of a 
subject, however, as with other learning technologies its limitations needs to be considered 
(Kear et al., 2010). Although wikis represent a collective understanding of a subject the process 
does not necessarily create a sense of community amongst its users where a discussion forum 
does (Kear et al., 2010). The lack of ‘community’ can lead to feelings of insecurity and 
awkwardness towards the learning process suggesting that the staff and students would have to 
adopt new ways of perceiving the learning process (Kear et al., 2010). Therefore, although 
conforming to the social constructivist paradigm discussed in section 2.3 by supporting peer-to-
peer interaction (Woo and Reeves, 2007) their use needs consideration in relation to the wider 
learning process in terms of when and how it is used in conjunction with other technologies and 
communication strategies. By exploring which online learning tools work best in a HE setting, it 
might also learn which tools might be most effective in promoting a more reflective/socially 
situated engagement with scientific knowledge in the wider public arena. 
 
2.10 Summary 
The increasing demand by the public for science to find solutions to global problems such as 
climate change has encouraged the restructuring of projects to identify holistic patterns of 
research. Within climate change science this holistic approach more closely reflects the nature 
of the system being investigated so supporting the public’s understanding of the connectedness 
of the science. 
 
In this chapter it is seen that existing strategies for communicating climate change science do 
not meet the needs and demands of either the general public or the scientific community. The 
current strategy based on the deficit model promotes a uni-directional, top-down transmission of 
information with the expert scientist providing information for the passive recipient. This 
relationship had led to a range of responses to scientific research, from disdain to deference, 
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where the public is not fully engaged and unable to develop their understanding of the climate 
change science.  
 
Media of mass communication have reinforced the deficit model of engagement by only 
allowing knowledge to be passed from expert to learner without the learner having any real 
involvement with the research process, further isolating the scientist from the public. The role of 
existing mechanisms of dissemination also rely on an information chain where research is 
passed to journalist and then onto the public, with each stage requiring interpretation from the 
original source. This news chain is broken to a certain degree by the use of the Internet, as it 
provides the scientist with the opportunity to disseminate their research directly to the public 
without the need for a third party. Although this may allow the knowledge to remain accurate it 
does not facilitate dialogue between expert and learner to develop understanding and to ensure 
the research remains socially relevant, as there is no mechanism to allow the public to respond 
to the expert.  
 
By adopting a contextual model, climate change scientists are able to communicate their 
research in a manner that allows individuals to situate the science within a socially-relevant 
context that allows them to communicate directly with the scientist informing the research 
process. This process of engagement could be facilitated through the use of second-generation 
(web 2.0) websites. Rather than creating an environment that isolates the scientist from the 
public, web 2.0 technologies provide an environment that supports dialogue between the expert 
and the learner building scientific communities. The two-way communication process inherent in 
the contextual model means that the scientist is able to ascertain the degree of understanding 
by members of public and potentially provide learning opportunities that allow the learner to 
reflect on their understanding and apply it to new concepts and situations. By knowing the 
degree of public understanding, the scientist is able to monitor the information to direct the 
public in their thinking. The use of second-generation websites as mechanisms to communicate 
the science within a contextual model has also remained unexamined, but what does remain 
constant is the need to engage the public to develop deeper understanding, providing an 
opportunity to actively participate in the scientific process, and to make informed decisions on 
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how to view the implications of climate change.  
 
In conjunction with the contextual model, it is clear that a social constructivist paradigm can 
support expert/learner engagement leading to a deeper understanding and more robust 
dissemination of research knowledge. Within this paradigm the expert creates a series of 
socially situated learning opportunities that encourage the learner to engage, reflect and test 
their understanding until a new learning experience is provided. This cyclical process allows the 
individual to build on their own knowledge, allowing them to identify the links between the 
different themes and then to apply them in new situations. Climate change scientists, whilst 
developing the means to engage the public with primary research, also need to consider how 
the learner develops their own strategies to develop understanding. Any mechanism used, 
needs to be able to accommodate these differences whilst not causing logistical problems for 
climate change scientists. Barriers to understanding concepts can occur as a result of poor 
facilitation of the learning process but also as a result of some concepts being genuinely 
problematic to the learner. Climate change scientists, in developing a strategy of engagement, 
need to be aware that barriers to understanding exist. These can be in the form of threshold 
concepts that act as troublesome knowledge or constraints on the individual’s ability to learn 
using the communication strategy adopted by the scientist. If these threshold concepts can be 
recognised by the expert ‘teacher’ then the individual can be supported in developing a deeper 
understanding of the concepts allowing them to apply them in different contexts. Threshold 
concepts within climate change science have not yet been identified and as such have the 
potential to act as significant barriers to developing understanding of the science.  
 
Currently research suggests that the contextual model is not being used and that climate 
change scientists are still using the deficit model. This could be as a result of the potential 
increased work-load that could be generated by using the contextual as it requires the expert to 
remain in dialogue with the public responding to and guiding their understanding. This thesis 
evaluates the role of web 2.0 technologies in creating scientific communities that can lead to a 
deeper understanding of climate change science. It also evaluates the modes of engagement 
that could lead to a deeper understanding of the science by supporting the individual’s learning. 
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Chapter 3 
Research methodology 
  
To address the issues discussed in Chapter 2, it is critical to conduct a longitudinal study of a 
group of people engaging with climate change science. This provides an opportunity to evaluate 
how individuals and groups organise and assimilate information, whether there are common 
areas that challenge their understanding and how best to implement online technologies to 
support the learner in overcoming these barriers.  The research project follows three successive 
cohorts that complete an undergraduate module on the interrelationship between humans and 
environmental processes. A mixed methodology is used to identify a range of data that can be 
used to answer the research sub-questions identified in chapter 1 whilst maintaining the 
elements of methodological rigour (Baxter and Eyles, 1997):  
• Credibility – ‘Authentic representations lo experience’ 
• Transferability – ‘Fit within contexts outside the study situation’ 
• Dependability – ‘Minimisation of idiosyncrasies in interpretation. Variability tracked to 
identifiable sources.’ 
• Confirmability – ‘Extent to which biases, motivations, interests or perspectives of the 
inquirer influence interpretation.’ 
 
The data sources used during the project can be seen in table 3.1. 
 
 
Each of the data sources seen in table 3.1 is designed to illicit specific data as seen in table 3.2. 
Data source Year 
Interview Participant 
observation 
Questionnaire PDP 
statement 
Learning style 
audit 
Wiki Online 
Journal 
2004 * * *     
2005  * * * * Structured  * 
2006  * * * * Unstructured * 
Table 3.1 Breakdown of the data sources gathered at the three stages of the project. 
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In 2004 the pilot study was designed to develop an understanding of the most appropriate data 
sources and data gathering techniques that would best inform the main study conducted in 
2005 and 2006. To this extent the nature of the data sources changes in 2005 and 2006 to 
more closely reflect the conceptual model of a social constructivist paradigm where the PDP 
statement, learning style audit, wiki and online journal are more student-centred and facilitate a 
greater amount of reflection. In 2005 and 2006 data from the PDP statements and the learning 
style audit provided information on students’ learning strategies that had initially been derived 
from the questionnaire allowing the questionnaire to be more focused on identifying students’ 
perceptions of specific aspects of the learning process such as the role of technology. A content 
analysis of the wiki and online journal entries using a learning taxonomy would provide data on 
the students’ depth of understanding and whether threshold concepts could be identified within 
climate change science. 
 
As mentioned, a social constructivist paradigm is used to inform the conceptual and 
philosophical research position resulting in a learner-centred pedagogical approach that in turn 
defines the learning tools and assessments used during the project. Within a social 
constructivist paradigm, reflection is seen as a key learning mechanism, and as such, is used 
Data source Purpose 
Participant 
observations 
• To become familiar with the module structure and content 
• To identify the pedagogic practice and staff/student interaction 
• To identify aspects of the learning process that could be supported with 
eLearning 
Questionnaires • To identify student perceptions of the learning process 
• To understand aspects of students’ learning strategies including learning styles 
and motivation  
Interviews • To support data from the questionnaires during the pilot study to further 
understand student perceptions of the learning process and their learning 
strategies employed during the module 
PDP statement • To identify the students’ learning strategies including their learning styles and 
motivation 
Learning style 
audit 
• To support data from the PDP statements that identifies student learning styles 
Wiki • To identify student understanding of the science formed in a collaborative 
learning environment 
Online journal • To identify student understanding of the science formed in a individual learning 
environment 
Table 3.2 Purpose of the data sources used in the project. 
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as a way to evaluate the students’ understanding of the climate change science. A learning 
taxonomy is used to quantify a student’s ‘level’ of understanding in the analysis process whilst a 
coding framework is used in a qualitative analysis to determine the students’ learning strategies 
that might have impacted on their ability to engage with the science. The final aspect to the 
conceptual framework is the definition of the idea of threshold concepts, those aspects of a 
subject that students find difficult to understand and therefore provide barriers to their learning.  
 
This chapter initially explores the contextual framework of the project, describing the research 
environment of the university and the students who were identified as the research population. 
The contextual framework then outlines the undergraduate module that the research population 
were engaged with including: aims, objectives and module structure. The role of participant 
observations and the pilot study interviews in informing intervention measures of the module 
assessments are then discussed as part of the contextual framework along with the new 
assessment procedures. The primary intervention introduced during the study was that of using 
two Internet technologies (managed learning environment and wiki) to support learning and 
teaching. The chapter, having discussed the refocusing of the assessment to more closely 
reflect a social constructivist paradigm, describes how the Internet technologies were blended 
into the structure of the module and how, following observations in 2005 the wiki was 
redesigned in 2006. 
 
Having discussed the contextual framework of the project, the chapter then discusses the 
research methods and data sources used. Firstly, the role of the questionnaires and how they 
were redesigned during the course of the project to reflect the introduction of the PDP 
statements and the learning style audits that were used to identify student learning strategies. 
The chapter then continues to discuss the learning taxonomy used to identify the depth of the 
students’ understanding in 2005 and 2006 and then the coding analysis process that 
determines the level according to the descriptors from the taxonomy is discussed. Having 
considered the research methods and data analysis used during the project the chapter 
concludes with a review of the ethical considerations of using a student cohort as a research 
population along with the issues associated with researcher positionality.  
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3.1 The contextual framework for the project 
The research context for the project uses an existing second year undergraduate module 
‘U21133: Environmental Processes and Change’ at Oxford Brookes University. Formed in 1992 
having previously been the Oxford Polytechnic, the university has approximately 18,000 
students (Higher Education Statistics Agency, 2011) located on 4 separate campuses around 
the city and offers a range of study areas that includes Physical Sciences, Medicine, Social 
Sciences, Business and Law, Creative Arts and Engineering Sciences. Of these, subjects allied 
to Medicine and Business make up the largest percentage of the students studying at the 
university, with 37% of the student population studying those disciplines. Education and 
Architecture also have a large number of students studying with 13% and 11% of the student 
population respectively. The majority (83%) of the students are UK residents and registered full-
time on undergraduate programmes of study (Higher Education Statistics Agency, 2011). 
 
Tables 3.3 to 3.6 provide a profile of the students enrolled on the module (U21133: 
Environmental Processes and Change) that constitute the sample population for the study. The 
breakdown of the number of students by gender enrolled on the module during the project is 
seen in table 3.3. 
 
As can be seen in table 3.3, the majority of the students enrolled on the module for the first two 
years of the project were male whilst the final year (2006) saw a equal number of men and 
women registered. 
 
Table 3.4 shows the breakdown of the number of students who were enrolled as either full-time 
or part-time on their degree programme. 
 
 
Year Number of students Female Male 
2004 20 8 12 
2005 38 17 21 
2006 32 16 16 
Table 3.3 Breakdown of the three successive cohorts of students by gender on the U21133: 
Environmental Processes and Change module that formed the research population of the study.  
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2004 2005 2006 
 n % n % n % 
Full-time 18 90 36 95 32 100 
Part-time 2 10 2 5 0 0 
Table 3.4 Break down of the three cohorts in relation to whether they were full or part-time students. 
 
As can be seen in table 3.4, the majority of the student sample population were registered as 
full-time. In 2006, the entire cohort is registered as full-time. 
 
Table 3.5 shows the breakdown of the student sample population’s entry qualifications for their 
degree programme. 
 
2004 2005 2006 
 n % n % n % 
Entrants' A-level tariff average 20 273.4 38 269.4 32 274.6 
Entrants with BTEC  0 0 0 0 0 0 
Entrants with access course 0 0 1 3 0 0 
Entrants with overseas qualifications 2 6 1 3 1 2 
Entrants with degrees 0 0 0 0 0 0 
Entrants with other qualifications 1 3 1 3 1 3 
Entrants with no qualifications 0 0 0 0 0 0 
Entrants aged over 21 2 6 1 3 2 5 
Table 3.5 Breakdown of the three cohort’s entry qualifications. 
 
From table 3.5 it can be seen that access to the university by the sample population was 
predominantly through A-levels with the average A-level tariff during the project being 272.4, 
this equates approximately to the student achieving two grade B A-levels and one grade C A-
level. Each cohort had at least one student who qualified as a mature student (over 21 years of 
age) that would potentially allow him or her access to the degree programme without any formal 
qualifications.  
 
Table 3.6 shows the breakdown of the socio-economic status of the three cohorts during the 
project. 
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 2004 2005 2006 
NS-SEC n % n % n % 
1-3 14 70 34 89.5 22 69 
4-8 6 30 4 10.5 10 31 
Table 3.6 Socio-economic classification (NS-SEC) of the three student cohorts. 
 
The NS-SEC (National statistics socio-economic classification) levels are classified as: 
1 Higher managerial and professional occupations   
2 Lower managerial and professional occupations   
3 Intermediate occupations   
4 Small employers and own account workers   
5 Lower supervisory and technical occupations   
6 Semi-routine occupations   
7 Routine occupations 
8 Long-term unemployed/never worked 
 
It can be seen from table 3.6 that the majority of students were from the higher socio-economic 
levels although in 2004 and 2006 there were a significant number of students (30% and 31% 
respectively) from lower socio-economic levels. 
 
Whilst studying at the Oxford Brookes University the students have access to a range of support 
facilities including extensive computing provision. The computing facilities are available across 3 
of the 4 campuses as seen in table 3.7, with a proportion of them available on a 24 hour basis. 
 
Campus Number of rooms Number of computers 
Gypsy Lane 12 446 (66 available 24 hours) 
Wheatley 9 205 (80 available 24 hours) 
Harcourt Hill 5 90 (34 available 24 hours) 
Table 3.7 Breakdown of the computer facilities available to students at Oxford Brookes University. 
 
 
The lectures during the module were conducted in a dedicated teaching space with in-situ 
audio-visual equipment. The room layout could be altered to reflect the style or activity during 
the lecture for example, tables clustered for group discussions or in rows to focus attention on 
the PowerPoint presentation. 
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3.1.1 Module aims and objectives 
‘U21133: Environmental Processes and Change’ module forms an alternative compulsory 
advanced module required for the Physical Geography field with the students being required to 
take either (or both) U21133: Environmental Processes & Change or U22132: Environmental 
Management. The module aims to explore the causes and implications of global environmental 
change, demonstrating how global climates, landscape forming processes and human activity 
are inextricably linked. 
 
The course follows three distinct themes.  
• The Earth as a System: Understanding the large-scale processes operating 
across the Earth, and how changes in this system have led to widespread global 
environmental change over a number of time-scales. Focusing mainly on examining 
the role of changing climate in determining environmental change the students also 
examine the lines of evidence used by researchers to identify past environmental 
changes. 
• Earth Surface Processes: Having identified how the Earth may be seen as a 
series of large scale systems, the students then begin to investigate how climate 
drives different Earth Surface Processes leading to the development of specific 
types of landscape. This leads into a consideration of the fundamentals behind two 
extreme environments, examining desert and glacial systems. 
• The Human Species: For the final component of the course, the students examine 
the evidence for environmental determinism, the suggestion that changing climate 
drove the process of hominid evolution. Following this, the students then investigate 
the changing relationship between the social and physical environment through 
evolution of modern humans.  
 
 
The module concludes with a discussion of how the environment/society relationship is 
beginning to change, and how increasingly we need to think not only of the natural processes 
occurring within the Earth, but also the social constructs we have created. As such, this module 
 49 
inter-links with U21132: Environmental Management, which further examines the modern 
linkages between environment and society (Carr and Parker, 2004). 
 
Students are given clear guidance on the aims, objectives, assessments and module structure 
at the start of the semester that they can continue to refer to in the module handbook. The aims 
of the module cover aspects relating to knowledge and skills acquisition that not only would be 
relevant for future geographical studies but also would support the broader development of the 
individual by providing the student with a set of transferrable skills (figure 3.1). 
 
 
• Critically evaluate the strengths and weaknesses of a variety of proxy indicators of environmental 
change; 
 
• Explain the similarities and contrasts of earth surface processes found in cold climates and tropical 
low latitude regions; 
 
• Discuss the consequences of past climate change on the environment of NW Europe and the 
British Isles, and in the North Africa/Arabia region; 
 
• Recognise the significant role environmental change has had in shaping the evolution of modern 
hominids, and human society; 
 
• Begin to assess the nature of recent and current climate and environmental change, and the role of 
anthropogenic processes in disturbing natural variations; 
 
• Develop a range of transferrable skills covering ICT, Presentation, personal management, study 
skills, team-working skills and problem solving. 
Figure 3.1 Outline of the module’s aims and objectives (Carr and Parker, 2004). 
 
 
 
 
 
3.1.2 Module structure 
As described in section 3.1.1 the module aims to explore the causes and implications of global 
environmental change, demonstrating how global climates, landscape forming processes and 
human activity are inextricably linked. These themes are explored over 12 weeks and taught by 
two lecturers who specialise in this research area as seen in table 3.8.  
 50 
 
Module week Lecture title Lecturer  
1 Introduction: the Earth as a dynamic system Dr. Parker 
2 Natural climate variation Dr. Carr 
3 Earth Surface Systems: Global Geomorphology Dr. Parker 
4 Earth Surface Systems: Desert Systems 1 Dr. Parker 
5 Earth Surface Systems: Desert Systems 2 Dr. Parker 
6 Earth Surface Systems: Glacial Systems 1 Dr. Carr 
7 Earth Surface Systems: Glacial Systems 2 Dr. Carr 
8 Evidence for recent and future environmental change Dr. Parker 
9 Global environmental change and the Human species: responses Dr. Carr 
10 Reading Week  
11 Reading Week  
12 Global environmental change and the Human species: causal 
influences 
Dr. Carr 
Table 3.8 Summary of the 2004 module structure 
 
 
In 2005 and 2006 the structure of the module was affected by staff changes and to 
accommodate new assessment criteria as is seen in table 3.9 and 3.10. 
 
 
Module 
week 
Lecture title Lecturer(s) 
1 Introduction: the Earth as a dynamic system. Dr. Carr 
2 Earth Surface Systems: Global Geomorphology Dr. Carr 
3 Earth Surface Systems: Dryland Systems 1 Dr. Coleman 
4 Earth Surface Systems: Dryland Systems 2 Dr. Coleman 
5 Seminar Dr. Coleman 
6 Natural climate variation - the causes of climatic 
change 
Dr. Carr 
7 Pleistocene climate change in the low latitudes Dr. Coleman 
8 Environmental change in post-glacial times Dr. Coleman 
9 Global environmental change and the Human 
species 1: responses 
Dr. Carr 
10 Global environmental change and the Human 
species 2: causal influences. 
Dr. Carr 
11 Recent and future environmental change Dr. Coleman 
12 Conclusion: presentation of posters  Dr. Carr 
Table 3.9 Summary of the 2005 module structure 
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Module 
week 
Lecture title Lecturer(s) 
1 Introduction: the Earth as a dynamic system. Dr. Parker 
2 Earth Surface Systems: Global Geomorphology Dr. Parker 
3 Earth Surface Systems: Dryland Systems 1 Dr. Parker 
4 Earth Surface Systems: Dryland Systems 2 Dr. Parker 
5 Seminar Dr. Coleman 
6 Natural climate variation - the causes of climatic 
change 
Dr. Parker 
7 Pleistocene climate change in the low latitudes Dr. Parker 
8 Environmental change in post-glacial times Dr. Parker 
9 Global environmental change and the Human 
species 1: responses 
Dr. Coleman 
10 Global environmental change and the Human 
species 2: causal influences. 
Dr. Parker 
11 Recent and future environmental change Dr. Parker 
12 Conclusion: presentation of posters  Dr. Parker/Dr. Coleman 
Table 3.10 Summary of the 2006 module structure 
 
As is seen in table 3.9 the two reading weeks are removed and replaced by a seminar/tutorial in 
week 5 and a poster presentation session in week 12, both of these are part of the assessment 
process. To accommodate the new assessment and staffing changes the order that the material 
is introduced to the students also changed although the fundamental concepts and ideas 
remained consistent over the course of the study. 
 
3.2 Participant observations and staff interaction 
Participant observations are seen as a key ethnographic tool (Crang and Cook, 1995) that 
underlies other techniques providing a context for further sampling, questionnaires, interviews 
etc. (DeWalt and DeWalt, 2002). As such it is used in this project to establish if the module 
provides an appropriate context with the initial phase of the pilot study evaluating the structure, 
content, assessment and interaction between staff and students (Mack et al., 2005). From the 
data it is possible to identify how online technologies and social constructivist principles could 
be effectively implemented.  
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In 2004 and 2005, observations were completed for each of the 12 lectures in the module, 
amounting to 36 hours over the course of each semester. However, in 2006 only 3 lectures 
were attended, one at the beginning, middle and end of the module. The observation periods 
are schduled for the following reasons: 
• During the pilot study phase (2004) it was necessary to attend all the lectures to 
become familiar with the module and to begin to identfy where eLearning could support 
the teaching and learning within the module; 
• In 2005 it was necessary to observe how the new technology had been embedded into 
the module and whether there was any need to make alterations to the technology, the 
way it had been implemented or the way the guidance notes had been written.  
• Lecturers teaching on the module in year 2 were not familiar with the technology and so 
did not feel confident in answering student’s questions and so it was necessary to be 
present in case there were any technical questions. 
• In 2006 the lecturers were more confident in how the technology and the new course 
structure operated and so were able to support the students with any technical 
questions that arose. 
• Guidance material and the information the lecturers’ introduced at the start of the 
module had been amended to take account of students’ comments made during year 2 
of the project producing fewer technical questions from the students. 
 
To support the data collection during the observation process a recording proforma was 
developed as seen in figure 3.2. 
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Lecture Observation Sheet 
Lecture title 
Attendance  
Lecture delivery methods 
Powerpoint  
OHP  
Group work  
‘Chalk andTalk’  
Video  
Student presentation  
Discussion   
Student questions 
Subject knowledge development  
Confirmation of understanding  
Course details  
Lecturer questions 
Course details  
Illicit understanding  
No response to questions  
 
Student/lecturer interaction 
incidence 
 
Peer/peer interaction incidence  
Other observations: 
 
 
Figure 3.2 Participant observation recording sheet 
 
 
Following each lecture, in addition to the participant observation records seen in figure 3.2, a 
written account of the lectures were produced to capture nuances to the lecture that would 
otherwise have been lost in a quantitative assessment of the lecture (Lincoln and Guba, 1985). 
An example of these written accounts can be seen in figure 3.3. 
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(week 1) 
First lecture was an introduction to the course. Outlining topic areas, lecture structure assessment etc. 
Majority of the delivery was tutor led (chalk and talk). Decided drop in attention as the lecture 
progressed. One activity post break required students to discuss in pairs what they understood by the 
terms: environment, environmental change, and environmental systems. During this activity I introduced 
my name to my partner who then enquired about my status. Until then no student was aware as to my 
position on the course. Dilemma! Initial response was to say that I was just looking at this module. 
Unperturbed nick then pressed me for more details asking what course I was doing. I decided to 
mention that I was doing a Ph.D. in eLearning. Conversation then developed about the pros and cons of 
this medium of course delivery. In the process of the conversation I imparted my opinion about learning. 
Has this prejudiced the impartiality of my observations? Is the process, by its nature, subjective and 
therefore the intervention doesn’t matter? 
 
(week 2) 
Students were still not ‘vocal’ in the lectures. Although there was a student in today who was absent last 
week. Very self-assured student who spent most of the time rubbishing the work which Adrian was 
doing. Yet when he was expected to contribute it was of a low quality in terms of geographical 
understanding. There seems a big issue with all the students about the correct use of geographical 
vocabulary; whether it is confidence or a genuine lack of understanding is something to think about. We 
were required to work in small groups this week. It was interesting that none questioned my involvement 
in my group. Although I contributed to the discussion within my group I ‘wormed’ my way out of actually 
doing the presentation. Lectures continue to be dominated by traditional teaching technique of chalk 
and talk. The two presentations broke up the lecture but you felt that there was nothing presented which 
they couldn’t have got from an on-line resource. One student had to leave early due to a football match. 
Over the length of the course what will be the effect of losing lecture time. Student punctuality is an 
issue with some students? Would this affect their involvement with ‘real time’ on-line learning 
resources? 
 
Figure 3.3 Example extracts from the participant observation journal. 
 
 
Along with the participant observations of the lectures there was also a systematic process of 
meeting the module lecturers to evaluate the teaching and learning in relation to the project as 
seen in table 3.11. 
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Purpose of meeting Project year 
Before module During module After module 
2004 • Introduce the aims of 
the project to the 
lecturers. 
• Understand the aims, 
structure, assessment 
methods etc. of the 
module  
• Identify ethical 
considerations 
associated with the 
project in relation to 
the students. 
• Determine future 
arrangements for 
meeting with the 
lecturers to reflect on 
the teaching and 
learning. 
 
Following each lecture: 
• Evaluate the teaching 
and learning during 
the lecture. 
• Consider ideas for 
embedding eLearning 
and alternative 
teaching and learning 
approaches. 
  
• Evaluate the 
teaching and 
learning during the 
module. 
• Present lecturers 
with ideas for a 
blended approach in 
year 2. 
2005 • Introduce the new 
eLearning components 
and how they could be 
embedded into 
teaching and learning. 
• Introduce ideas for 
new assessment 
criteria to meet social 
constructivist 
paradigm. 
• Meet new module 
lecturer and introduce 
aims of the research 
project. 
 
Following each lecture: 
• Evaluate the teaching 
and learning during the 
lecture. 
• Evaluate the role of 
the eLearning 
elements. 
• Identify any areas of 
concern with the 
eLearning and/or new 
assessment criteria for 
the module. 
• Evaluate the 
teaching and 
learning during the 
module. 
• Evaluate the role of 
the eLearning 
elements. 
• Identify areas of 
teaching and 
learning to be 
addressed before 
next module. 
 
2006 • Introduce the new 
eLearning components 
and how they could be 
embedded into 
teaching and learning. 
• Introduce ideas for 
new assessment 
criteria to meet social 
constructivist 
paradigm. 
• Meet new module 
lecturer and introduce 
aims of the research 
project. 
 
Following each lecture: 
• Evaluate the teaching 
and learning during the 
lecture. 
• Evaluate the role of 
the eLearning 
elements. 
• Identify any areas of 
concern with the 
eLearning and/or new 
assessment criteria for 
the module. 
• Evaluate the 
teaching and 
learning during the 
module. 
• Evaluate the role of 
the eLearning 
elements. 
• Identify areas of 
teaching and 
learning to be 
addressed before 
next module. 
 
Table 3.11 Lecturer/researcher meeting schedule during the project 
 
The regular meeting schedule (table 3.11) ensures that the demands of the project do not 
compromise the learning experience of the students (Oxford Brookes University, 2006) by 
providing an opportunity for staff and researcher to reflect on the new interventions. The 
 56 
meetings also provided an opportunity to reflect on whether the new interventions were placing 
an unreasonably high expectation on the lecturers’ ability to use the new eLearning 
technologies or impede their ability to teach. The meeting schedule is also required due to the 
change in teaching staff during the course of the project.  
 
The meetings were not formally documented but rather provided the researcher and lecturers’ 
with an open forum in which to discuss the teaching and learning during the module, alongside 
the developments of the eLearning components and the changes in the structure of the module 
to more closely reflect the social constructivist paradigm seen in the following sections of this 
chapter.    
 
3.3 Pilot study interviews 
The final part of the pilot study involved interviewing students in order to explore in more detail 
the students’ perceptions of the learning experience. Two students were identified from the 
participant observations that were considered to be co-operative and respond positively to the 
interview process as part of a pilot process. The participants were also chosen as they 
represented a range of abilities based on their overall assessment grades (one being the 
highest the other being mid/lower). Neither participant received any financial reward for 
attending the interviews. 
 
The interview process is conducted following approval by the University’s internal ethical 
committee panel and used their guidelines of good practice (Oxford Brookes University, 2006). 
The interviewees were invited to take part and were advised that their participation is voluntary 
and that they were free to leave at any point during the interview. A verbal agreement is sought 
by the interviewees although it is felt unnecessary to ask them to sign a consent form. In 
keeping with the guidelines, the recordings of the interviews along with the transcripts were kept 
secured with the names of the participants changed to protect their identity. 
 
The interview followed a semi-structured approach with the questions being grouped into the 
following categories with the questions seen in figure 3.4: 
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• Introduction – Identify if the student is aware of the purpose of the interview and the 
conditions under which it is to be conducted. 
• General – Establish general attitude towards learning that extends beyond a Higher 
Education setting. 
• Motivation – Identify motivational strategies the students use in their lives and if these 
translated into the lecture room. 
• Knowledge – Establish how the students’ level of understanding is affected as a result 
of being on the module. 
• Learning – Identify if there were any modes of engagement within the learning process 
that affected their learning. 
• Debrief – Clarify that the student understood the purpose and conditions of the 
interview. 
 
Introduction 
Contextualise the interview: 
Why am I doing it? 
How is the interview to be conducted? 
Does the subject have any questions? 
 
General 
In all of your lessons you have since starting school, can you think of which one was the best? 
Can you remember what made that lesson the best? 
Can you remember a lesson which was the worst? 
What made it so bad? 
 
Motivation 
Would you consider yourself a motivated person? 
What does/would motivate you in life? 
Were any of these motivational tools useful in the course? 
In what way were these tools useful? 
 
Knowledge 
Did you feel that your level of motivation impacted on your ability to understand the lectures? 
How would you rate your understanding as the course developed? 
 
Learning 
Did you find some ways of presenting information made learning easier/harder? 
What do you believe to be the role of a lecturer? 
Does a lecturer increase your confidence in the subject? 
Is there anything about the course which stood out from the others you’ve attended? 
 
Debrief 
Reminder as to the point of the interview 
Ask subject if they have any questions about the process and/or questions 
Figure 3.4 Outline of the questions used for the semi-structured interview in the pilot study. These 
questions acted as a guide during the interview with the potential for exploring other issues by using 
alternative questions.  
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By using a semi-structured approach it provided a guide as to the areas of enquiry to be 
covered whilst allowing for opportunities to explore the students’ responses to the questions that 
may not have originally been anticipated when developing the interview questions (Livesey, 
2008). This though introduced an element of subjectivity into the process as each interviewee 
could respond to the questions differently providing different opportunities for digression from 
the original question list or by forcing the interviewer to rephrase questions in response to 
previous responses (Livesey, 2008).  
 
3.4 Module assessment  
During the project, the module is assessed on coursework with no final exam. However, from 
the participant observations it was possible to identify that the assessment tasks did not 
conform to a social constructivist pedagogy. As a result, the researcher was able to suggest that 
the weekly selected reading assessment could be redesigned to provide a more student-
centred and provide the student with a greater opportunity to reflect on the science. Following 
discussion with the lecturers it was then agreed that the assessment tasks in 2005/6 would 
altered to more closely reflect a social constructivist paradigm and also to utilise the facilities 
available through the Managed Learning Environment (MLE) and Wiki website to support 
student engagement. The changes in assessment tasks and weightings of the module during 
the project are shown in table 3.12. 
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Year  Assessment task Criteria  Weighting  
Selected readings in 
environmental change 
To support wider learning and broader subject 
reading within the module, each week students 
are required to read and summarise the main 
points of two of the journal paper references 
provided within that week’s lecture. Each element 
of the coursework readings should be handed in at 
the following lecture session. 
50% 2004 
Poster presentation on 
extreme environments 
Produce a poster (no larger than A1 size) that 
provides an in-depth examination of an aspect of 
EITHER desert or glacial systems. Poster 
submitted at the Week 12 lecture. 
50% 
Reflective diary and Wiki 
construction 
 
Each week students will submit a review of a 
journal paper in an online reflective diary that will 
chart your developing knowledge through the 
term. In addition, students will be asked to 
construct a 'Wiki' (online encyclopaedia) based on 
their understanding of the science from the 
lecture and their journal paper review.  
40% 
Tutorial debate on climate 
and civilisation, essay with 
timeline  
Prepare a short debate on the strengths and 
weaknesses of the concept of climatic 
geomorphology. This topic will be introduced in 
week 1, discussed during the tutorial in Week 3, 
and assessed in Week 9. 
30% 
2005/6 
Poster presentation on 
extreme environments  
 
Produce a poster (no larger than A1 size) that 
provides an in-depth examination of an aspect of 
environmental processes and change. This poster 
must be submitted at the Week 12 session, where 
you will be expected to briefly present your work 
in a symposium session. 
30% 
Table 3.12 Summary of the assessment elements of the module during the study 
 
 
The primary assessment in the module requires the students to submit a weekly critical review 
of a journal paper taken from a reading list that reflects the lecture content. This is then graded 
and commented on by the lecturer and given back to the students. Following the pilot study in 
2004 a range of issues were identified with this assessment including: late submission of work; 
poor critiquing of the papers; verbosity and students unable to synthesise concepts and ideas. 
Although this assessment allows for the lecturer to identify and support the learners’ 
understanding according to the contextual model, it does not allow the students to build on the 
guidance and develop their own understanding of the concepts. This is because the feedback is 
specific to a particular critique and does not allow the student to apply it further weekly 
assessments. This gap in the engagement process identified by the researcher provided the 
researcher with an opportunity to develop and then integrate an assessment that complies with 
social constructivist principles. The role of assessment as a formative part of the reflective 
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process is also considered within a social constructivist pedagogy and key to this is the use of 
feedback to the students as discussed in section 2.4 (Rushton, 2005, Rust et al., 2005). Sadler 
(1989) notes that for feedback to be effective, three conditions need to be met: 
• Students need to have knowledge of the lecturers standards and assessment criteria;  
• Students need an opportunity to evaluate their own work against the set assessment 
criteria; 
• Students need an opportunity to ‘close the gap’ between the quality of their work and 
the standards required by the lecturer and so complete the ‘feedback loop’ (Sadler, 
1989, Boud, 2000). 
 
The first of these three conditions is met by providing the students with a guide that highlights 
the module aims, objectives and assessment criteria. This is then developed by the lecturer 
providing the students with an exemplar journal entry that they can use as a guide for writing 
their own each week. The exemplar given to the students is seen in figure 3.5.  
 
 
Figure 3.5 Exemplar reflective journal entry written by the module leader to guide the students with the 
weekly reflective process. This also reinforced the criteria and lecturer expectations necessary for a 
successful formative assessment process (Sadler, 1989). 
 
The exemplar journal entry seen in figure 3.5 encourages the students to consider how their 
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understanding of the science could be developed incrementally as they place their thinking into 
wider contexts. The initial section focuses on the key points or arguments presented within the 
paper. They then need to reflect on how those aspects could be applied to their understanding 
of the science discussed during the lecture and to consider how this synthesised knowledge 
related to the aims of the module. From this holistic understanding the students are then 
expected to place their own understanding within the context of their peers’ understanding by 
contributing to a Wiki website. The journal acted as a ‘reflective bridge’ (Chitpin, 2006: 75) 
enabling the students to ‘think, challenge and question’ (Chitpin, 2006: 75), fundamental 
principles within a social constructivist paradigm (Dewey, 1910, Popper, 1979). The process of 
reflection and communication is repeated throughout the module on a weekly basis providing 
the opportunity to test, revise and retest understanding as described in the contextual model 
(figure 3.6). 
 
 
 
Figure 3.6 Model of the reflective process in relation to the module’s weekly assessment (Walton and 
Carr, 2011) 
 
The model in figure 3.6 illustrates how each week is a cyclical learning process based on Kolb’s 
(1984) model of experiential learning (section 2.4). This structure encourages the students to 
use reflection to consider the inter-connectedness of the science discussed across the whole 
module and not just in a single learning experience (a lecture), a process which they had 
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previously found difficult to do. As discussed earlier, this reflection is facilitated through the use 
of the formal assessment and through collaboration with peers using the Wiki website. 
 
In 2004 the lecturer’s gave each student a grade and feedback on the paper critique submitted 
the previous week. This process was changed in 2005 and 2006 to more closely reflect a social 
constructivist paradigm where the lecturer’s expectations are reinforced each week through the 
use of generic feedback to the students that identifies the relative strengths and weaknesses of 
the journal entries (figure 3.7). 
 
Here is some general feedback on your reflective diary entries from week one. Overall they were of a good standard 
and matched the criteria outlined in the module guide, although there is room for improvement in the following areas: 
 
Referencing 
In general most of you were spot on and referenced in the correct format without any problems. A few of you failed to 
give journal numbers/volumes, which could be problematic should you or someone else need to find the journal in 
future. Make sure therefore that you reference in the correct Harvard format (you can buy a small book explaining 
this at the Blackwell’s store on campus for around £1).  
 
Key points 
Most of you offered clear and concise summaries of the key points contained within the relevant journals – make 
sure however that your bullet points make sense and are not just random sentences lifted out of the text. Remember 
you may need to refer back to these diaries at a later date and so they need to make sense. In addition, although 
your summaries must be concise, make sure that they contain adequate detail – some entries were too brief and 
failed to extract the critical information presented in a particular journal.   
 
Relevance to lecture and module 
Some really good attempts have been made in this section. Particularly good entries identified contradictions 
between a particular paper and the lecture/module – such comments demonstrate a sound level of critical thinking. 
Hopefully as the module progresses you all begin to relate your readings to the wider literature – i.e. is the 
idea/concept discussed in a particular paper new, if so does it contradict ideas presented  
in other journal articles. For those of you who would like to know more about the importance of systems, feedbacks 
etc in the climate system the journal article below is particularly useful.    
 
Rial et al., (2004) Nonlinearities, Feedbacks and Critical Thresholds within the Earth’s  
Climate System. Climatic Change 65, 11-38. 
 
Wiki 
Some of you are leaving this section out, which loses you marks as it is part of the assessment. Weaker entries 
simply said what had been added. Stronger entries outlined what had been added and why it was deemed necessary 
to do so – state in what way your comments benefit the Wiki, how your readings have modified your opinions on 
relevant Wiki sections etc.  
 
Figure 3.7 Example of a social constructivist assessment of a weekly reflective journal entry where a 
student does not receive an individual grade or comment but are given generic feedback that they apply 
to their own learning situation. 
 
 
Because the feedback is generic the students have to evaluate their own work against this 
information (second condition) and because of the ongoing nature of the assessment task the 
students have an opportunity to complete the feedback loop (the third condition) by applying the 
required standards to their next journal entry. This method encourages the students to take an 
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active role in the assessment by having to apply generic standards to their own work (Rust et 
al., 2005).  
 
The decision by the lecturers to include the tutorial assessment was also to develop a more 
social constructivist pedagogical approach within the module by encouraging the students to 
take greater control of their own learning through identifying what they saw as appropriate 
academic material to support their arguments that they presented to their peers.  
 
3.5 Implementation of Internet technologies  
In section 2.8 the role of web 2.0 technologies is discussed as a possible communication 
mechanism to support engagement with climate change science according to the contextual 
model. To evaluate the technology as part of a new strategy of engagement the research 
cohorts are introduced to a phased implementation of two technologies, a Wiki website and a 
managed learning environment (MLE). Both of these technologies were chosen by the 
researcher because they were cost effective, simple to set-up and maintain and did not require 
high level of IT technical expertise. 
 
MLEs first became widely used as a learning and teaching tool during the late 1990s (Levine, 
2000) and was introduced at Oxford Brookes University in 2001. As such, pedagogic 
understanding of how to use these systems is limited necessitating a new learning and teaching 
approach to be designed by the researcher for the study. Section 3.5.1 describes the new 
approach to using the MLE as a learning and teaching tool that actually reflects a social 
constructivist paradigm and in particular how the assessment tasks were developed to take 
advantage of this new technology. Wikis, before their use as a pedagogical tool, were initially 
developed in 1995 to support technical users interested in being able to communicate during 
collaborative projects. This study is the first within Geography Higher Education with regard to 
the use of Wikis in learning and teaching and as such, any developments in the use of this 
technology requires an ongoing evaluation process by the researcher during the project. This is 
reflected in the developments made to the Wiki as discussed in section 3.5.2. 
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3.5.1 The managed learning environment (MLE) structure 
The managed learning environment (MLE) is a secure, Internet-based social networking site 
facilitating the sharing of resources and discussion during the module. It is hosted by the 
University and is familiar to both staff and students so that time is not spent learning to use the 
technology, nor did this act as a barrier to communication and understanding, allowing all 
participants to focus on the science. Within the MLE there were a range of tools to support the 
learning process, for example a resource repository, synchronous and asynchronous 
messaging, online quizzes etc. Within the study the primary tool that is used is the 
asynchronous messaging system facilitated through a discussion board (figure 3.8). 
Asynchronous messaging means that there is a time-lag between a message being posted onto 
the discussion board and a response posted in return rather than in a synchronous messaging 
system there is not discernable gap in communicating. 
 
 
Figure 3.8 Illustration of the managed learning environment’s asynchronous discussion board. 
 
Each of the ‘topics’ represents a forum that the students could post questions to and receive 
responses from lecturers and peers. In figure 3.8 the first four forums, including General 
Discussions and Reflective Diary Feedback, were public areas that any student or staff member 
could access, post questions or comments and read entries (figure 3.9). 
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Figure 3.9 Illustration of the publicly accessible discussion board forum. 
 
 
Following these public forums were private areas that the students used to post their weekly 
reflective journal entries into. These were private areas and could only be accessed by the 
lecturer and the individual named student. 
 
3.5.2 Wiki website structure 
The third element in the reflective process is the students’ contributions to a group Wiki website. 
These second-generation websites allow communities of users full editing rights on web content in 
contrast to previous first-generation websites where the authoring is controlled by an individual.  The 
Wiki provided the students with an opportunity to present their understanding of the climate change 
science in relation to the other users resulting in them being able to build their understanding in a 
social context.  
 
In order to support their use of a new technology the two student cohorts were both given 
instructions on how to use the website and an online user guide. Figures 3.10 and 3.11 shows the 
two different starting structures for the 2005 and 2006 students respectively. 
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Figure 3.10 Home page of the 2005 Wiki showing the structure of the website where each of the labels 
in the contents table represents a different page where the students could post their understanding. 
 
The structure of the Wiki used by the 2005 cohort mirrored the weekly outline of the module with 
a page on the website for each week. This is implemented to support the students’ engagement 
with the technology as it is anticipated that because it would be a new way of working the 
students need greater support in using it.  
 
 
Figure 3.11 Home page of the 2006 Wiki. The students were only given a quote from which they had to 
develop their own structure. 
 
Following a preliminary analysis of the 2005 Wiki, it is considered that the structure of the site 
could be channelling the students thinking into the given frames, limiting opportunity to 
synthesise concepts from different parts of the module. The second student cohort were only 
given a quote as seen in figure 3.11 to encourage a greater awareness of the 
interconnectedness of the science. This change to the structure also gave the students greater 
‘ownership’ of the website in keeping with a learner-centred approach within a social 
constructivist paradigm.   
 
All contributions to the Wiki by the students were anonymous and there were no restrictions to 
the number or nature of the edits a student could make, although the lecturers did occasionally 
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review the content for ‘non-geographical’ entries. There were also no restrictions to the number 
of students who could access the wiki simultaneously, if there were multiple users, if the 
students refreshed the page they would see the edits made by the other students.   
 
The Wiki and MLE were introduced during the second year of the study and were modified in 
the third year following an evaluation of the final structure of the first Wiki. The pilot study did not 
use any online technologies, thereby closely meeting the criteria of the deficit model allowing a 
comparison with the contextual model to be made. Regardless of the changes, the roles of the 
technologies did not change during the study with the MLE providing a central environment 
where the students could access course materials and contact other students and the lecturers 
on the module. The MLE also provided a secure repository for the students’ reflective journals 
that could be accessed by students and lecturers at any time during the module. The Wiki 
website provided a secure, social space that the students could co-author as a means of 
developing a shared understanding of the science.  
 
3.6 Questionnaire sampling 
Questionnaire surveys have been widely used as a social science research tool, generating a 
large amount of data that can be statistically analysed (Robinson, 1998, Cloke et al., 2004, 
Parfitt, 2005). From this data it is anticipated to draw quantifiable inferences can be made about 
the wider sample population with regard to the learning strategies that the students employed 
during the module (Cloke et al., 2004). In order to provide a structured set of data the majority of 
the questions used are ‘closed’, where the respondent is required to select their response from 
a given list of options, an example of which can be seen in figure 3.12. 
 
2. On a scale of 1 – 10, where 1 is no knowledge and 10 is very knowledgeable, how would you rate 
your understanding of environmental processes and climate change before attending the lectures? 
 
1 2 3 4 5 6 7 8 9 10  
Figure 3.12 Example of a closed question used within the questionnaire where the respondent is 
presented with a fixed number of options that they select in order to answer the question. 
 
Open questions were used to support the closed questions allowing the respondents an 
opportunity to elaborate on their response as in figure 3.13.  
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11. How confident did you feel in asking questions during the lectures? 
 
Very confident Confident Average Unconfident Very Unconfident 
 
12. What affected this level of confidence? 
 
Figure 3.13 Example of where a closed question is supported by an open question allowing the 
respondent to elaborate on what affected their confidence levels during the lectures. 
 
These ‘open’ questions provided passages of texts that are free-coded and then interpreted 
according to the different categories derived from the free-coding process. The coding process 
did not employ a framework but required the coder to identify patterns within the responses and 
to avoid any subjectivity the codings were checked by a second coder (Cope, 2003). 
 
The third element of the pilot study involved questionnaire sampling to identify the students’ 
perceptions of the role of the learning process including the role of learning styles and an 
evaluation of the range of the teaching and learning tools. Figures 3.14 – 3.18 show a 
breakdown of the pilot study questionnaire according to the different aspects of the teaching 
and learning experience during the module.  
 
 
 
Questionnaire to Establish Motivation and Accessibility in the Environmental Processes and Change module 
 
1. What motivated you to choose this course? 
 
2. On a scale of 1 – 10, where 1 is no knowledge and 10 is very knowledgeable, how would you rate your 
understanding of environmental processes and climate change before attending the lectures? 
1 2 3 4 5 6 7 8 9 10 
 
3. On a scale of 1 – 10, where 1 is no knowledge and 10 is very knowledgeable, how would you rate your 
understanding of environmental processes and climate change after attending the lectures? 
1 2 3 4 5 6 7 8 9 10  
Figure 3.14 Extract of the pilot study questionnaire highlighting questions 1 to 3.  
 
 
The first three questions in the survey as seen in figure 3.14 are designed encourage the 
students to begin thinking about their role within the module and how they perceived their level 
of understanding of the science to have been affected by attending. 
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4. On the graph below, please mark on your level of motivation throughout the course? 
Highly 
Motivated           
Motivated       
Average       
Unmotivated       
Highly 
Unmotivated       
  
Environmental 
systems Climate Deserts Glaciers Evolution 
 
5. What would you say affected this level of motivation? 
Figure 3.15 Extract of the pilot study questionnaire highlighting questions 4 and 5.  
 
 
As is seen in figure 3.15, questions 4 and 5 of the pilot study questionnaire focuses on the 
students’ level of motivation during the module and what could affect the level. The response 
table encourages the students to reflect graphically on their motivation levels whilst the open 
nature of question 5 allows the students an opportunity to reflect on what motivates them. It is 
anticipated that there could be a correlation between levels of understanding and levels of 
motivation. 
 
The section of the questionnaire seen in figure 3.16 is designed to encourage the students to 
reflect on the learning and teaching tools and their perceived impact on their understanding of 
the climate change science. These questions could provide data on the students’ preferred 
learning styles/strategies, for example, if they identify group discussions as highly effective then 
that could suggest that they are strong social learners. 
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6. How would you rate the following teaching techniques and resources in aiding your understanding of the subject? 
Teaching 
method 
Highly 
effective 
Effective  Average Ineffective  Highly 
ineffective 
Lecturer based 
delivery 
     
Group 
discussions 
     
Presentations 
to class 
     
 
Assessment 
Method 
Highly 
effective 
Effective  Average Ineffective  Highly ineffective 
Review of 
papers 
     
Poster 
assessment 
     
      
Learning 
Resources 
Highly 
effective 
Effective  Average Ineffective  Highly ineffective 
PowerPoint 
presentation 
     
OHP images      
Lecture guides      
Course 
handbook 
     
Video      
Photographic 
evidence 
     
Animated 
sequences 
     
 
7. What other technology or teaching techniques would you have liked to see used during this module? 
 
8. If you would have liked to see different technologies and methods used, why would you have liked to see this 
added? 
 
Figure 3.16 Extract of the pilot study questionnaire highlighting questions 6 to 8.  
 
 
 
Questions 9 to 14 of the pilot study questionnaire (figure 3.17) asks the students to reflect 
specifically on the lecture room environment and how this might affect their understanding of the 
science and engagement with the learning process. 
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9. Do you think that the length of the lectures were…? 
 
Too long  About right Too short (delete as appropriate) 
 
10. On the scale below, please rank the statements according to how you felt the lectures were delivered, with 1 
being the most accurate through to 5 being the most inaccurate. 
Too fast, felt like information overload  
Fast but I could just about cope with the amount of information  
Too slow, got bored very quickly  
Slow but I could still maintain an interest  
Pace was just right  
 
11. How confident did you feel in asking questions during the lectures? 
Very confident Confident Average Unconfident Very unconfident 
 
12. What affected this level of confidence? 
 
13. How motivated did you feel to contribute to class discussions? 
Very unmotivated Unmotivated Average Motivated Highly Motivated 
 
14. What would have increased your level of motivation to join in with the class discussions? 
 
Figure 3.17 Extract of the pilot study questionnaire highlighting questions 9 to 14.  
 
 
 
 
 
15. Did you feel that the course met with your expectations? 
Fully Partly Not at all 
 
16. What do you feel could be done to ensure that the course fully meets your expectations in future?  
 
Figure 3.18 Extract of the pilot study questionnaire highlighting questions 15 and 16.  
 
 
Questions 15 and 16 of the pilot study questionnaire (figure 3.18) allows the students to reflect 
on the learning experience more generally and to contribute any other perceptions of the 
learning process that might not have been captured in the previous sections. 
 
The pilot study questionnaire, through the use of open and closed questions, is designed to 
identify the students’ perceptions of 3 specific aspects of the learning process that could act as 
barriers to their engagement and understanding: levels of motivation; the teaching and learning 
tools and the learning environment. It is seen that the main questionnaire focused on the 
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teaching and learning tools and the relation to the learning environment during the module as 
possible barriers to engagement and understanding whilst the motivation is interrogated in the 
PDP statement. This allows the questionnaire to focus on the teaching and learning aspects of 
the learning process, including the way that the new online technologies were used. This meant 
that the students’ reflections on their role within the process could be more focused and a richer 
data set provided that went beyond the questionnaire method. 
 
Because the questionnaire is administered at the same time as the end of module evaluation, 
there is a high response rate with all 17 students attending the final lecture completing the 
questionnaire. However, not all the students completed all the sections and as a result, the 
analysis focuses on the questions that had both the highest response rates those that would 
best inform the development of the questionnaire used in main part of the study. 
 
The questionnaire used within the pilot study provided the opportunity for questions and 
structure to be trialled so that any design errors could be rectified before the data-gathering 
phase of the project. Both questionnaires were administered face-to-face to ensure a high 
response rate.  
 
Figures 3.19 - 3.23 show the different sections of the questionnaire used for the main part of the 
project. 
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Role of eLearning in Environmental Processes and Change 
 
As well as understanding your attitudes towards the overall module it is useful to know your feelings towards the 
specific eLearning content of the module. By eLearning, we mean the online elements of the course (WebCT and the 
Wiki). This is the first year that these elements have been included and it is valuable to know your opinion so they 
can be enhanced for future groups. The questions are on three pages. Many thanks for taking the time to complete 
these questions, your thoughts are always appreciated and will be completely confidential. 
 
[Questions 1 and 2 – simple opening reflection on their perceptions of their overall knowledge development] 
(1) On a scale of 1 - 5 with 1 being the highest, how would you rate your understanding of environmental 
process and change before starting the module? 
1 2 3 4 5 
 
(2) On a scale of 1 - 5 with 1 being the highest, how would you rate your understanding environmental 
process and change following the module? 
1 2 3 4 5 
 
[Question 3 to 6 – included to establish the students’ perceptions of the eLearning be in relation to the other learning 
and teaching tools] 
 
(3) Using 1st, 2nd 3rd etc. put these activities in order of priority of how well they helped you understand the 
science behind Environmental Processes and Change: 
Lecturers explaining the information  
PowerPoint presentations  
Weekly readings  
Reflective statements  
The discussions on WebCT  
Opportunities to ask questions in lectures  
The Tutorial sessions  
Producing a poster for assessment  
Watching the Video  
Contributing to the Wiki  
Other sources of information eg newspapers etc. (please specify)  
  
Figure 3.19 Introductory section to identify the students’ overall perceptions of the learning process and 
in particular the role that the different teaching and learning tools had in developing understanding. The 
red annotations highlight the role that the questions played in the structure of the questionnaire and the 
information they were designed to elicit.  
 
The structure of the questionnaire is designed to allow the students to consider the role of 
eLearning during the module in relation to the other learning and teaching media by initially 
considering the broader aspects of their understanding and then narrowing down to how the 
eLearning and then the second-generation websites in particular might have impacted on their 
understanding of the climate change science. The questions in figure 3.19 ask the student to 
consider their wider understanding and to simply decide if it has developed or not and of the 
learning and teaching media which ones supported them the most. 
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These next 3 questions look at eLearning in general: 
 
(4) Did you manage your time differently as a result of using eLearning? 
Always Sometimes Never 
 
(5) Did you experience any problems using eLearning in this module? 
Always Sometimes Never 
 
(6) How would you rate the eLearning resources used in the module? 
Very Good Good OK Poor Very Poor 
  
Figure 3.20 Section of the questionnaire that looked at the students’ general perceptions of the 
eLearning 
 
The questions continue to remain quite general as seen in figure 3.20, but with the focus on the 
eLearning content. Questions 7 to 11 (figure 3.21) then become more directed to specific 
elements of the eLearning, in particular the managed learning environment. 
 
 
These next 5 questions look at the use of WebCT: 
[Question 7 – used to reinforce the students’ opinion about the role of eLearning] 
(7) On a scale of 1-5, with 1 being the highest, how would you rate WebCT as it is used across the University? 
1 2 3 4 5 
[Questions 8 and 9 – not directly related to development of understanding but establishes the opinions of eLearning 
in supporting the learning process] 
(8) How would you rate WebCT as a means to understand details about the module? 
Very Good Good OK Poor Very Poor 
 
(9) How would you rate WebCT as a way of submitting assessment work for this module? 
Very Good Good OK Poor Very Poor 
[Question 10 – used to determine the students’ attitude towards a social learning environment in developing 
understanding, reinforcing question 3] 
(10) Did you feel having extra contact with other course members through WebCT helped with your 
understanding of the physical geography science? 
Very much Sometimes Not at all 
 
(11) Rank (1st, 2nd, 3rd etc.) the following aspects of WebCT in order of importance to you 
Discussion board  
Electronic course content  
Online submission  
Peer support  
Ongoing communication with lecturers  
  
Figure 3.21 Section of the questionnaire that looks specifically at the managed learning environment 
(WebCT). The red annotations highlight the role that the questions played in the structure of the 
questionnaire and the information they were designed to illicit.  
 
The next set of questions seen in figure 3.22 (questions 12-19) asks the students to consider 
the role that the Wiki took in supporting their understanding. The questions in this section are 
closed to encourage the students to complete the questionnaire and to allow for ease of 
analysis. 
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The next 8 questions look at the Wiki: 
 
[Questions 12 to 19 – designed to identify students’ perceptions of how they managed the Wiki] 
(12) On a scale of 1 - 5, with 1 being the highest, how would you rate the Wiki? 
1 2 3 4 5 
[Questions 13,18 and 19 – designed to test students’ perceptions of knowledge development as a result of engaging 
with the Wiki] 
(13) Did having the ability to look at other people’s ideas on the Wiki help develop your own thinking? 
Very much Sometimes Not at all 
[Questions 14 to 17 – will be used to inform the discussion but will not be directly analysed] 
(14) Which of the following best describes your level of interest in checking people’s responses to your 
contributions? 
Obsessive Keen Take it or leave it Mildly curious Not bothered 
 
(15) Did you experience a sense of pride towards your contributions to the Wiki? 
Very much Sometimes Not at all 
 
(16) Did being anonymous on the Wiki make it easier to edit other people’s contributions? 
Very much Sometimes Not at all 
 
(17) On a scale of 1 – 5 with 1 being very positive, how did you feel knowing that someone could change your 
Wiki contribution?  
1 2 3 4 5 
 
(18) Did having someone alter your contribution to the Wiki inspire you to re-edit your contribution having first 
carried out some more research? 
Very much Sometimes Not at all What alterations? 
 
(19) Did knowing that other people would be looking at your ideas make you more critical of your own 
understanding of the science? 
Very much Sometimes Never 
  
Figure 3.22 Section of the questionnaire that looked specifically at the role of the Wiki in the learning 
process. The red annotations highlight the role that the questions played in the structure of the 
questionnaire and the information they were designed to elicit. 
 
As can be seen in figure 3.22, the questions are more in-depth than for the managed learning 
environment section as a reflection of the nature of the technology. This would have been the 
first time that the students would have used a Wiki in a learning situation and so it is important 
to capture some of the ways that their learning might have been influenced through this new 
media. 
 
 
[Question 20 – provided an opportunity to allow the students to elaborate on any aspect of the learning process 
pertinent to them]  
(20) What would you identify as the key advantages and/or disadvantages of you using eLearning in this 
module? 
 
Figure 3.23 The final question in the questionnaire that is designed to allow the students to elaborate on 
any aspect of the learning process pertinent to them. 
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From these figures it can be seen that the questionnaire focused specifically on the learning 
tools used within the module, in particular the eLearning content. Aspects regarding the 
students’ perceptions of the learning process and their role within it were dealt with in the 
Personal Development Planning (PDP) reflective statement. In the pilot study questionnaire 
these two elements were combined but it is expected that this division generates a greater 
depth of data than a questionnaire alone and also provided the students with an opportunity to 
develop their reflective skills.  
 
3.7 Personal Development Planning to identify student learning strategies  
In 2005, Oxford Brookes University introduced a new voluntary scheme, Personal Development 
Planning (PDP) to support student learning during their studies and to provide the student with a 
portfolio of skills and knowledge that could be used when job seeking (Oxford Brookes 
University, 2005). Within the project, the PDP scheme was seen as an opportunity to help 
develop the students’ reflective skills in keeping with a social constructivist paradigm and also to 
encourage them to consider the learning strategies that they could use during the module to 
support their engagement and understanding.  
 
Rather than gather data about student learning strategies solely through a questionnaire as 
occurred in the pilot study, students in 2005 and 2006 were asked to complete a reflective 
statement in keeping with the University’s PDP policy at the start and at the end of the module 
(Oxford Brookes University, 2005). This provided the students with an opportunity to be guided 
in how to reflect and for them to be able to use their understanding of learning strategies as a 
support mechanism during the module (Dewey, 1910). Asking the students to complete a 
statement at the beginning and end of the module reinforced the cyclical nature of reflection. 
The results from the PDP statements would be used to identify the students’ learning styles and 
strategies and whether these might support or act as a barrier to their understanding and 
engagement with the science. This data would also be used in conjunction with the learning 
style audit to identify students preferred learning style (section 3.8). 
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The framework for the PDP statement is developed using Oxford Brookes University’s policy on 
student Personal Development Planning (Oxford Brookes University, 2005). The PDP 
statements, as well as supporting University policy, provided both a tool to help the students 
develop their reflective skills by helping them to identify their own learning styles and strategies 
and also as a mechanism to evaluate how these learning styles could impact on their 
engagement with the climate change science. Figures 3.24 and 3.25 illustrate the guides given 
to the students to help them construct their reflective statements for the start and the end of the 
module respectively. 
 
 
Motivation 
What motivated you to choose this module? 
How does this course fit in with your overall career goals? 
How does this course fit in with my other course selections? 
What motivates you in life which could help you with your studies? 
If you feel you are not the meeting the required standards, what could you do to resolve it? 
 
Approaches to Learning 
Within WebCT you find an excel document entitled ‘Learning Style Audit’. Complete the exercise and then paste the 
resulting chart into your statement.  
 
From the exercise, what is your preferred learning style? 
What techniques can you begin to use to make the most out of your preferred learning style? 
Now you know your specific approaches to learning, what can you do to ensure that you use them to your best 
advantage? 
 
Skills 
What strengths do I believe I will be bringing to the course? 
What specific skills do you feel you will need to enhance? 
How do you think you can go about gaining these skills? 
Where could you go to access these skills? 
What specific knowledge do you hope to gain from this course and how will it build on what you already know? 
What can I do to monitor my progress through the course? 
Figure 3.24 Guide given to the second and third cohorts at the start of module to support their writing of 
the PDP statement. 
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Motivation 
Did you maintain a high level of motivation throughout the course? 
What affected this level of motivation? 
If your level of motivation dropped what did you do to remotivate yourself? 
What could you do differently which ensures that you remained motivated? 
Have your careers goals changed as a result of this module? 
If they have, what could you do to meet these new targets? 
 
Approaches to Learning 
Did the course allow you to exploit your preferred learning style? 
What ways were you able to use your preferred learning style to understand the content of the module? 
In what ways did you change the way you worked in light of understanding how you organise and approach work? 
If you didn’t find it easy to understand the lectures or manage the work load, what could you do in the future to make 
sure you do? 
 
Skills 
Along with your first statement, have a look at the skills identified by the lecturers in the module handbook. 
 
Were you correct in your own belief as to the strengths and weaknesses you brought to the course? 
What new skills did you develop? 
Did you manage to work to your strengths whilst developing your weaknesses? 
Where can you go to continue building on these advances in skills? 
What evidence do you have of your skills progression? 
What can you do to continue to monitor your progression? 
 
Knowledge 
Do you feel that your understanding of the science developed through the course? 
How do you feel you could use this knowledge? 
Are you interested in developing your knowledge within this field? 
Where could you go or what could you do to keep your knowledge current? 
Figure 3.25 Guide given to the second and third cohorts at the end of module to continue to support 
their ability to reflect on their learning and to demonstrate that it is an ongoing process.  
 
The guides in figures 3.24 and 3.25 are designed to support the students in developing their 
reflective skills by using a series of open questions that identifies the different aspects of the 
learning process and their own role in it. The structure of the questions differentiates between 
students’ ability to reflect allowing those students who were more confident to use the questions 
as a vehicle and the students who were less confident could answer the questions literally and 
begin to appreciate the reflective process.  
 
3.8 The learning style audit to identify learning strengths 
It is seen how the students were encouraged to complete a Personal Development Planning 
(PDP) statement as part of the reflection process. These statements were also analysed 
(section 5.3) to identify the students’ learning styles and strategies that could use to support 
their engagement and understanding during the module. This data would be used to determine 
whether the barriers to their understanding related to the concepts/knowledge or the learning 
process itself. In conjunction with the PDP statement, the students were asked to complete a 
learning style questionnaire. This is designed by Advanogy.com (2003), based on the concepts 
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outlined by Gardner (1983) (section 2.5) and required the students to respond to a series of 
short statements on how strongly it applied to them. Examples of these statements can be seen 
in figure 3.26. 
 
• You have a personal or private interest or hobby that you like to do alone. 
• Jingles, themes or parts of songs pop into your head at random. 
• You are goal orientated and know the directions you are going. 
• You like being a mentor or guide for others.  
Figure 3.26 Examples of the statements used in the Memletics learning style questionnaire which the 
students respond to using a scale of 0, 1 or 2 (with 0 being low) depending how strongly that statement 
refers to them (Advanogy.com, 2003). 
 
The scores were automatically aggregated within the programme and the results plotted as a 
radar chart illustrated in figure 3.27 (a) and (b). 
 
 
Figure 3.27(a) Annotated examples of the results graphs of the Memletics learning styles questionnaire 
used to help students reflect on their learning style. 
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Figure 3.27(b) Annotated examples of the results graphs of the Memletics learning styles questionnaire 
used to help students reflect on their learning style. 
 
 
The two figures show contrasting strengths and weaknesses in terms of learning styles. Figure 
3.27(a) shows that the learner has a very strong social and verbal learning style meaning that 
they develop deeper understanding by talking about the science with other people. Figure 
3.27(b) shows that learner has a very strong logical learning style meaning that they gain their 
deeper understanding through organising their learning into iterative steps or that they find it 
easier to engage with the mathematical concepts rather than those relating to human 
responses. The graphs also identify the weaknesses in a person’s learning style, for example, 
Figure 3.27(a) shows that the learner has a very weak logical learning style and figure 3.27(b) 
demonstrates a weak social learning style. These could potentially act as barriers to these 
students understanding if they were expected to engage with the science mainly through 
mathematical concepts or through working in groups respectively. 
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3.9 Evaluation of taxonomies to identify depth of understanding 
 
To identify how the students’ engagement resulted in a deeper understanding of the science, 
the assessment process outlined in section 3.4 is analysed using a learning taxonomy.  A range 
of learning taxonomies is considered including Ackoff (1989), and Bloom et al. (1956) before 
using the SOLO taxonomy developed by Biggs and Collis (1982). In particular this analysis is 
able to identify the role that reflection played in the learning process and whether it could be 
used to form a coherent communication strategy that reflected the contextual model (section 
2.2). 
 
 
The classification of cognitive function in the form of ‘learning taxonomies’ has resulted in the 
development of models that can be applied within Higher Education (Slack and Beer, 2003). 
Biggs and Collis (1982) developed the Structure of the Observed Learning Outcome (SOLO) 
taxonomy based on Piaget’s (1970) cognitive stages of development and has been widely 
applied within education to determine complexity of and depth of student’s understanding 
(Holmes, 2005). Atherton (2005) modelled this taxonomy (see figure 3.28) identifying the five 
cognitive stages developed by Biggs and Collis, what they perceived the students would be able 
to understand at each of these stages and a graphical representation of this level of 
understanding. 
 82 
 
Cognitive stage Level of Understanding Graphical representation of 
understanding 
Stage 1 Pre-structural Students acquire unconnected 
information that has no 
organisation. 
 
Stage 2 Uni-structural Students make simple and 
obvious connections but their 
significance is not grasped. 
 
Stage 3 Multi-structural Students make a number of 
connections but the meta-
connections between them are 
missed, as is their significance 
for the whole.  
Stage 4 Relational Students are able to appreciate 
the significance of the parts in 
relation to the whole. 
 
Stage 5 Extended Abstract Students are making 
connections, not only within the 
given subject area, but also 
beyond it. They are able to 
generalise and transfer the 
principles and ideas underlying 
the specific instance. 
 
 
 
 
Figure 3.28 Graphical model of the Biggs and Collis (1982) SOLO taxonomy (Atherton, 2005) 
 
The taxonomy defines a hierarchical development of understanding by the student beginning at 
the most simplistic level of understanding, stage 1, through to the most sophisticated level of 
understanding, stage 5. As with Piaget’s stages of development, once a student reaches a level 
of understanding of a concept they should be capable of continuing to operate at that level for 
that concept (Slack and Beer, 2003). However, a student may not always show evidence of 
being at that level at all times as the levels within the taxonomy are used to describe a particular 
performance at a particular time and not to indicate a student’s ability (Biggs and Collis, 1982).  
 
The application of SOLO is widely seen as a useful taxonomy to be used to measure depth of 
understanding as its simplicity allows it to be used across a range of disciplines and ages (Slack 
and Beer, 2003). This flexibility means that the SOLO taxonomy is a suitable mechanism to 
measure the students’ understanding of the climate change science during the module. 
However, as Chan et al. (2002) observe, its simplicity can lead to ambiguity in the 
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categorisation process and they suggest that sub-categories could be used to reduce this 
problem. 
 
Despite the increased number of level descriptors, Chan et al. (2002) found that discrepancies 
still occurred between coders during their study as to which cognitive stage an individual is 
classified. Considering this, the project used the original simple level descriptors developed by 
Biggs and Collis (1982) to evaluate the depth of understanding. To maintain consistency in the 
coding process and to reduce the degree of ambiguity of the stage descriptions a second coder 
is used to validate the levels of understanding. Table 3.13 illustrates how these level descriptors 
were applied to the journal entries from the pilot study. 
 
Cognitive stage Example of cognitive stage taken from reflective journal 
Stage 1 Pre-structural ”Stable equilibrium- a move to another position but always returning to the 
same position. 
2) Unstable equilibrium- a small disturbance causes the delicate balance to 
be lost. 
3) Meta-stable equilibrium- a position moved beyond the threshold moves it 
to another new equilibrium position. 
4) Conditional Stability- moved beyond the limit of the threshold, it returns 
to the original position but beyond that the equilibrium will be lost.” 
Stage 2 Uni-structural ”Talks about unstable equilibrium and conditional stability which refers to 
the balance being lost not talked on in the lecture.” 
Stage 3 Multi-structural “Complements the negative and positive feedback loops controlling the 
physical systems mentioned in the lecture.” 
Stage 4 Relational “New approach to look at the initial state rather than the equilibrium in a 
system.” 
Stage 5 Extended 
Abstract 
“A glacier system is constantly disturbed by the uneven distribution of 
accumulation and ablation causing this real system to be a dynamic 
equilibrium.” 
Table 3.13 Example extracts of students reflections of journal papers to illustrate the different cognitive 
stages of the SOLO taxonomy in relation to this project.  
 
 
The examples of the different cognitive stages seen in table 3.13, illustrate how the taxonomy is 
applied within the context of the project. For stage 1, the student simply provides a précis of a 
series of known statements from the paper regarding equilibrium states without showing any 
indication of how they related to each other or within the wider context of the concepts of 
equilibriums. At stage 2, it could be seen that the student had begun to make simple 
connections between equilibrium states but did not communicate any significance of the 
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concepts beyond the fact that it is mentioned in a lecture. The student at stage 3 recognised 
that there is a connection between system equilibrium and feedback systems but failed to 
identify what the relationship is. At stage 4 there is a recognition that the ideas presented within 
the paper form part of a wider debate within the research and at stage 5 the student had applied 
the theoretical concept within a context of glacial dynamics. 
 
During the evaluation process, it is necessary to acknowledge that each student is constructing 
their own understanding of the science (Flick, 2006) and that what they are communicating may 
not necessarily be a reflection of their understanding but  rather of their language skills or 
mastery of the reflective genre (Sumsion and Fleet, 1996, Creme, 2005). However, Forbes et al. 
(2003) suggest that shared meanings and interpretations can be found within texts, making it 
possible to discern the level of the students’ understanding. 
 
3.10 Coding analysis used to determine barriers to understanding 
Ascribing codes to transcripts of texts provides a systematic way of analysing content (Flick, 
2006). The derived codes can either be phrases used by the participants themselves or those 
which the researcher deems significant (Jackson, 2001). This coding process is seen as a way 
of avoiding the criticism of ‘cherry-picking’ quotes to support an initial hypothesis (Jackson, 
2001). 
 
The PDP statements discussed in section 3.7 were analysed using the NViVO computer 
programme to aid speed and accuracy. A predetermined coding frame is used to identify the 
students’ different learning strategies:  
• Intrapersonal motivational strategies 
• Interpersonal motivational strategies 
• Intrapersonal learning strategies 
• Interpersonal learning strategies 
• Skills which the learner possesses 
• Skills which the learner would like to develop 
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Examples of each of these strategies and how they were coded within the statements can be 
seen in table 3.14. 
 
Coding Frame Example extracts from reflective statements 
Intrapersonal  - “I enjoy learning about how other people live and their 
cultures. This is always needed to understand geography 
whether it is about political policies or human impacts on 
our physical environment.” 
- “Motivation with life is different to the motivation to study 
geography.   However knowing that I am going to enjoy the 
subject gives me enough motivation to actually stay awake 
in the lectures and take part in the teaching.” 
Motivational 
strategies 
Interpersonal  - “A person who conveys their point with purpose and 
meaning helps me enjoy the subject more, and therefore 
result (hopefully) in better grades.” 
- “I am motivated mostly by my family and friends who 
regularly show support.” 
Intrapersonal - “I will try to look for alternative approaches to my study, 
i.e. try working in the library rather than at home.” 
- “Finding goals, which I could work to, to ensure that I 
obtain all the in formation, which help me through the 
subject.” 
Learning Strategies 
Interpersonal - “Talk to other students first who may understand the 
problem, then if I have a query or topic i am not sure about, 
ask the module leader.” 
- “If I were finding the subject hard or difficult then I would 
find someone who has a greater understanding of the 
issues to help me.” 
They possess - “The strengths I will be bringing to the course are my 
interest in the topic and therefore a good working standard. 
Also, I enjoy working with computers so the fact that this 
module is very WebCT based is a good task for me.” 
- “I think I can communicate well and organise myself which 
is needed especially when doing presentations in a group.” 
Skills 
Need 
developing 
- “The issue I believe I need to work on is primarily time 
management.” 
- “I do definitely struggle to concentrate when sitting for 
hours on end in a lecture room.”  
Table 3.14 Coding frame used to analyse the PDP reflective statements with examples of each coding 
node.  
 
Meyer and Land (2003) suggest that within disciplines there are certain concepts that students 
find difficult to understand which they termed ‘threshold concepts’ (section 2.7). Bradbeer 
(2005) challenges geographers to identify the troublesome knowledge acting as stumbling 
blocks to students’ understanding of the science.  
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To evaluate whether threshold concepts exist within climate change science a coding analysis 
is completed using NViVO computer software. A free-coding analysis of the students’ weekly 
critical reviews of the journal papers is initially completed to identify the concepts that the 
students referred to. The Biggs and Collis (1982) SOLO taxonomy (section 3.9) is then applied 
to the statements in relation to each of the concepts to evaluate the students’ depth of 
understanding. An example, based on the journal entries from the pilot study, of the coding 
analysis and how the SOLO taxonomy is applied can be seen in figure 3.29. 
 
Name Level Coding example 
Trevor 3 “There are difficulties in looking at equilibrium due to long timescales in 
changing system conditions.” 
Sam 4 “Studying equilibrium within different systems may result in inaccurate 
results, as the system may be returning to a state of equilibrium after a 
large movement.” 
Mandy 5 “A glacier system is constantly disturbed by the uneven distribution of 
accumulation and ablation causing this real system to be a dynamic 
equilibrium.” 
Figure 3.29 Recording table to identify patterns of understanding to determine threshold concepts within 
climate change science. This example shows the level of understanding for the concept of system 
equilibrium.  
 
The concept of system equilibrium would be seen as one that is well understood by the students 
and not considered a threshold concept. However, there are students that did not show a depth 
of understanding equal to their peers. In figure 3.29, Trevor's understanding is not as deep 
according the level descriptors of the SOLO taxonomy, as Mandy and Sam’s but it is still deep 
enough to consider it a concept that he understood. Where the level of understanding is below 
'3', the point at which the understanding moves from shallow to deep, then it would be recorded 
as a threshold concept. To identify if threshold concepts exist within climate change science it is 
necessary to consider whether the majority of the students experiences these concepts. 
Therefore, where the coding analysis shows that more than half of the group do not achieve 
above level 3 on the SOLO taxonomy scale this is regarded as a ‘global’ threshold concept. 
 
It is discussed in section 3.5.2 that the students, as part of the weekly reflective process had to 
contribute to a collaborative Wiki website. The data from the analysis of the Wiki could then be 
compared to that from the individual journal entries to evaluate if deeper understanding of the 
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concepts is achieved through a social environment (Wiki) or an individual one (weekly journal). 
 
Due to their recent introduction as a learning tool, there has been no research published on how 
to analyse participants’ contributions to Wiki websites. As such, the method used for the 
analysis of the content during the project is based on studies previously carried out on 
evaluating students learning on electronic discussion boards (EDB) (Hara et al., 2000, Vincent, 
2000, Aviv et al., 2003, Pena-Shaff and Nicholls, 2004, Holmes, 2005). Despite the contrast in 
structure, EDBs and Wikis are both asynchronous mediums of communication, that is, that there 
is a gap between what each person 'says' rather than an instant response being received as in 
a synchronous conversation. The accumulation of messages, where the people in the cohort 
respond to what the other have written, develops into a thread or typed conversation that can be 
evaluated for meaning. However, with an online Wiki, the content may not necessarily be text-
based as in an EDB, but can include multi-media content making traditional content analysis 
problematic. In addition to this, the student participating in an EDB has only the opportunity to 
respond to previous messages, whereas within a Wiki the student has the option of responding 
to peers in the following ways and can, at any point in the structure: 
• add new content; 
• add content to an existing contribution; 
• edit existing content; 
• delete existing content. 
 
Following Pena-Shaff and Nicholl's (2004) approach, a coding scheme is developed to identify 
student contributions and types of interactions during the course. The initial coding framework 
analysed the Wiki content according to the four categories identified above providing data on 
the way that the students were interacting with the Wiki in developing their understanding. The 
Wiki content is then analysed for level of understanding using the SOLO taxonomy used to 
analyse the reflective journals described in the section 3.9. 
 88 
3.11 Ethical considerations and researcher positionality 
Ethical issues are identified and addressed as a result of using an undergraduate module as a 
research context and using students as subjects (Oxford Brookes University, 2006). Two ethical 
considerations were made; firstly, the students had no opportunity to remove themselves from 
the project, as this means removing themselves from the module. Although the students are not 
able to remove themselves from the project, they are able to not take part in particular aspects 
of the data gathering, in particular completing a PDP statement and questionnaire.  The second 
reason is to acknowledge and mitigate the power relationship between the researcher and the 
subjects (Berg and Mansvelt, 2003, Kobayashi, 2001, England, 1994, Valentine, 2005, Cloke et 
al., 2004). The Oxford Brookes University ethics guidelines governing all research with human 
participants stipulate that any power relationship should be mitigated by: 
• The researcher having no input into the module teaching or assessment 
• The completion of the questionnaire being voluntary 
• Student profiles being kept anonymous (Oxford Brookes University, 2006). 
 
The first condition of the university’s ethical requirements states that the researcher has no 
input into the module assessment, however, the researcher was involved in the redesign of the 
assessment though they were not responsible for marking the students’ submitted work. The 
students are advised verbally and through a participant information sheet of the aims of the 
research project and the way in which the data is going to be used at the start of the module. 
Where it is appropriate to do so, the students were asked to keep correspondence anonymous; 
however, if the students needed to identify themselves, such as in the reflective diaries, the 
scripts were rendered anonymous for analysis and the originals kept securely. 
 
For the research process to be effective it is necessary to consider the role of the researcher in 
relation to the observed (Atkinson and Hammersley, 1994). Three key questions identified by 
Atkinson and Hammersley (1994) were used as a guide to establish this relationship and to 
prevent the participants behaviour during the lectures from changing and affecting the results: 
 89 
• Is the researcher identified as a researcher: If the students know they are being 
observed as part of a study, would they modify their behaviour and interactions during 
the module? 
• What is disclosed about the research: If the students know the aims of the study would 
they modify their behaviour during the module to try to meet or undermine them? 
• What activities does the researcher engage in: If the reseacher works with the students, 
will they have an effect on the way that the students work and interact? (Atkinson and 
Hammersley, 1994). 
 
These issues were addressed by the module lecturer introducing the researcher and the 
research project; however the researcher did not directly engage with the activities during the 
module to avoid influencing the students learning. The researcher sat with the students and 
interacted with them although did not respond to direct questioning by the students as to the 
research process or support their understanding of the science but supplementing the teaching 
being offered by the lecturer. This though does establish a ‘power’ relationship between the 
researcher and the students that could impact on the study.  This position can only be 
acknowldged as an aspect of the project rather than mitigated against (Rose, 1997). However, 
the participant observation process did not seek to directly interrogate students but rather to 
explore and understand the systems and processes that occurred during the lecture. When 
analysing the data from the other data sources Madge (1993) suggests that the researcher’s 
‘multiple-self’ needs to be considered when constructing knowledge, that is, to what extent does 
the researchers age, race, gender, nationality etc. influence their interpretation. 
 
3.12 Summary 
The project is designed to answer three research sub-questions to evaluate a new strategy for 
communicating climate change science. It is framed within a social constructivist paradigm and 
considered the role that social interaction, reflection and assessment play within the learning 
process as a part of this philosophy. In order to answer the four research questions a mixed 
methodology is used providing rigour by explicitly linking the qualitative and quantitative 
methods to the specific research questions. The initial participant observations allowed for a 
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range of interventions to be identified including the redesigning of the module assessment to 
facilitate and test the role of reflection as a learning tool within the paradigm. The participant 
observations also identified where it would be appropriate to introduce and evaluate two online 
technologies (MLE and a wiki) to support student understanding and engagement in both social 
and personal learning environments. The use of questionnaires, reflective statements and 
learning style audits were developed to provide data on the students’ learning strategies whilst 
also supporting their ability to reflect. The students’ understanding of the science is assessed 
according to the SOLO taxonomy developed by Biggs and Collis (1982) with considerations 
made to the limitations of creating ‘realities’ from interpreting qualitative data.  Ethical 
awareness of students’ participation informed all aspects of the project and also informed the 
positionality of the researcher during the participant observations.   
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Chapter 4 
Pilot study results 
 
To be able to identify a robust methodology a pilot study is used in the first year of the study 
(2004). The main focus of the pilot study is to determine the structure of the module and to 
identify opportunities to integrate strategies that follow the social constructivist pedagogy. It 
would also be possible to identify how the web technologies could be implemented and 
evaluated that would not interfere with the teaching and learning process. The pilot study had 
three main strands: 
• Participant observation (section 3.2); 
• Questionnaire sampling (section 3.6);  
• Student interviews (section 3.3). 
 
4.1 Participant observation results 
The observations identified a range of teaching and learning techniques used during the course 
of the module: 
1. Lecturing- The structure of the lectures were based around a lecturer delivering 
information orally with the use of audio-visual aids. The lectures typically lasted for 3 
hours with a 15 minute break in the middle.  
o PowerPoint – The lecturers used Microsoft PowerPoint presentations to display 
key ideas and concepts being discussed. The majority of the PowerPoint slides 
were text based but were punctuated with images and data tables/graphs 
where appropriate. 
2. Questioning lecturer – The lecturers used a range of questioning techniques to 
ascertain levels of student understanding or to reinforce particular concepts and issues. 
It is established at the start of the module that the students could also ask questions of 
the lecturers at any point in the lecture. 
3. Video – One video is used to illustrate the role of the thermohaline circulation in climate 
change. This is used towards the end of the module. 
 92 
4. Weekly review of journal papers – As part of the assessment for the module, the 
students had to review a journal paper that had been taken from a reading list and write 
a critique. This is submitted each week, and when marked, returned to the students.  
5. Poster assessment – The second component of the module assessment is a poster 
presentation based on a topic relevant to the themes discussed in the module. The 
students, in the final lecture, were expected to present their poster to the group in the 
style of an academic conference. 
 
Further points regarding the individual lectures and the overall module that were derived from 
the observations include: 
• The lectures followed a traditional teacher-led structure although questions were used 
throughout to elicit students’ understanding.  
• There is a high degree of interaction between the lecturers and students, mostly 
through asking questions. 
• The students were encouraged to ask questions of the lecturers and these ranged from 
module administration issues to requiring further explanation of concepts introduced by 
the lecturer. 
• There is little opportunity for peer-to-peer interaction during the lecture. 
• There is no use of online technologies to support students understanding or 
engagement during the module. 
• Students’ University sporting commitments impacted on their attendance. 
• There were concerns from both the lecturers and the students as to the assessment 
process regarding the level of understanding and the quality of the feedback 
respectively. 
 
These observations identified that the module closely followed the deficit model discussed in 
chapter 2, suggesting that it is a suitable context within which to evaluate the study’s research 
questions. Due to ethical considerations, it is not possible to fundamentally change the structure 
of the module but there is potential to revise the assessment process to conform to a social 
constructivist pedagogy (chapter 2) whilst not compromising the learning and teaching process. 
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These needs could be facilitated through the development of greater reflection during the 
assessment process and through better feedback process. It would also be possible to 
introduce online technologies to support the staff and student management of the learning 
process. 
 
4.2 Pilot study questionnaire results 
The first question identified the students’ motivation for choosing the module with the results 
shown in figure 4.1.  
 
Figure 4.1 Students’ responses to being asked what motivated them to choose the ‘Environmental 
Processes and Change’ module (question 1). The responses were grouped into three categories with 
the students suggesting that the dominant reasons for choosing the module were that the module is a 
compulsory element to their physical geography degree programme and that they had specific interests 
reflected in the module’s content. 30% of the students’ also noted that they had an interest in the 
subject but were not specific which aspect of the discipline they had an interest in.  
 
The results form question 1, as seen in figure 4.1 could be grouped into 2 areas: the module 
formed a compulsory part of the degree programme, or that they were interested. This interest 
level could be further refined to those that had a specific interest in one of the subject areas 
covered in the module or those that only had a general interest.  Of these categories, the same 
proportion of students (35%) suggested they were motivated to choose the module as a result 
of it being a compulsory element to their degree programme as well as those that had a specific 
subject interest. 30% of the students who responded to the questionnaire stated that they were 
motivated to choose the module because of a non-specific interest.  
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The pilot questionnaire then attempted to establish the students’ perceptions of their 
understanding of environmental process and change as a result of attending the module. 
Questions 2 and 3 asked the students to rate their understanding on a ten-point scale before 
and after the completing the module respectively (figures 4.2 and 4.3).  
 
 
Figure 4.2 Students’ rating of their understanding of the relationship between environmental processes 
and climate change before the start of the module with 1 being low and 10 being high (question 2). It 
can be seen that there is a skewing from the central-point suggesting that the students’ rated their 
understanding as below average at the start of the module.  
 
 
Figure 4.3 Students’ rating of their understanding of the relationship between environmental processes 
and climate change at the end of the module with 1 being low and 10 being high (question 3). The 
graph illustrates that the students’ perceived their understanding to have increased by the end of the 
module. The questionnaire though did not determine what the students considered to have caused this 
increase in understanding.  
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From the figures 4.2 and 4.3 it is seen that on average, students suggest that their 
understanding had increased having attended the module. At the start of the module 41% of the 
students rated their understanding to at a stage 4 on the scale, but when asked to rate their 
understanding at the end of the module 41% rated their understanding as being 8 on the scale. 
All of the students completing questionnaires rated their understanding as having increased. 
 
Having established general principles about the level of understanding and motivation, the 
questionnaire then began to explore more specific aspects of the learning process. Question 4 
asked the students to map their levels of motivation during the module. The results showed that 
the students’ level of motivation did change during the course of the module but that there were 
no discernable patterns as to when it changed. Question 5 asked the students to consider what 
had affected this change and the results can be seen in figure 4.4. 
 
 
Figure 4.4 Illustration of the responses given by the students when asked what had affected their level 
of motivation during the module (question 5). The question followed on from question 4 that asked the 
students to map their levels of motivation against the five sequential themes during the course of the 
module. This highlighted that the students’ motivation did fluctuate at different points of the module 
depending on the factors recorded in question 5 although no significant pattern is discerned. It can be 
seen that there were a range of factors affecting the students’ motivation with their level of interest being 
the most referred to reason.  
 
The students identified a range of factors that affected their level of motivation during the 
module that were both internal and external to the module. Students made two references to the 
fact that a lack of sleep caused a fluctuation in their motivation levels whilst there were four 
other references to an excess of work/assessment having an effect. It is not determined 
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whether this is within the module itself or in combination with other modules. The students made 
reference to two specific factors that affected their motivation, the speed of the lecture and their 
general interest in the subject. It is this last point that received the most references reinforcing 
the motivation the students had in choosing the module where they had an interest in a specific 
aspect of the module. This suggests that when the module moved away from that area, their 
motivation levels dropped. 
 
Having begun to evaluate aspects of motivation, the questionnaire then asked the students to 
consider the teaching and learning mechanisms and modes of engagement that were used 
during the module. Figures 4.5 - 4.7 illustrate the student responses to question 6. 
 
 
Figure 4.5 Students’ rating of the effectiveness of the three different teaching methods used during the 
module with 0 being highly ineffective and 5 being highly effective (question 6). Participant 
observations (section 3.2) identified the primary method of delivery as being in the form of the 
traditional lecture. Lecturers also used student presentations and group discussion work to reinforce 
particular concepts. Of these, the students identified lecturing as being the most effective method in 
supporting their understanding. 
 
The lecturers used three mechanisms of engagement during the module: traditional lecturing 
style, group discussions and class presentation, of these the students rated the traditional 
lecturing style as being the most effective in supporting their understanding with the class 
presentations being rated the lowest. From a social constructivist pedagogical perspective it 
would be considered more effective to engage the students using a learner-centred mechanism 
that allows them to interact with their peers rather than a lecturer-centred approach that relies 
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on the students passively receiving information (Fuller et al., 2000). The results from this section 
of the questionnaire reinforces the need to maintain a traditional lecture environment for the 
main part of the study as the students rate it as being the most effective mechanism of 
engagement. The other approaches are also rated as being effective and so it is appropriate to 
include these into the strategy for the next two cohorts without compromising their learning 
experience.  
 
The second part of question 6 asked the students to consider the effectiveness of the two 
assessment mechanisms used in the module: a weekly critical review of a journal paper and a 
poster presentation on a topic appropriate to the module. Both methods required the students to 
work independently; making it more suitable for those students with a stronger solitary learning 
style although the ongoing nature of the weekly review meant that the students could use 
reflection to develop their skills and potentially their understanding. Figure 4.6 shows the mean 
of the students’ rating of the effectiveness of the two assessment methods. 
 
 
Figure 4.6 Student rating of the effectiveness of the two assessment methods used during the module, 
the weekly review of an academic journal paper and the end of module poster presentation on a specific 
aspect of the course where 0 is highly ineffective and 5 is highly effective (question 6). The 
effectiveness is in relation to the assessment method being able to support the students’ understanding. 
The graph shows that the students’ overall rating of the two assessment methods were the same at 
3.71, suggesting that they were perceived as being more effective than ineffective where 3 is ‘average’ 
in the rating scale.  
 
Figure 4.6 shows that the students’ mean rating for both of the assessment methods were the 
same at 3.71, a value skewed towards both being perceived as effective. From this data it is 
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possible to conclude that these are suitable assessment methods and could be used in the next 
phase of the study as part of an effective communication strategy.  
 
The final part of question 6 asked the students to reflect on the effectiveness of the different 
teaching media used during the lectures. The media primarily focused on graphic and text 
content that is discussed in the context of the wider concepts of the lecture. Figure 4.7 shows 
the ratings that the students gave each medium in terms of its effectiveness in supporting 
understanding of the science. 
 
 
Figure 4.7 Students’ rating of the effectiveness of the teaching media in supporting understanding of 
the subject where 0 is highly ineffective and 5 is highly effective (question 6). The graph shows that the 
students rated all the media as being effective with the use of PowerPoint presentations being the 
most effective. All of the media would have been used in conjunction with a traditional lecture delivery 
with the exception of the (course) guide which would have been provided at the start of the module 
and referred to by the lecturer during the module but would have essentially been used by the students 
as a source of reference.  
 
In figure 4.7, it is seen that the students rate the PowerPoint presentations as being the most 
effective learning and teaching mechanism that supports their understanding of the science 
during the module with overhead projections (OHP) being the least effective, although this still 
has a relatively high rating (3.71). This question did not identify the students’ learning styles as 
anticipated and so this element is included in the PDP statement as a more focused mechanism 
of identifying it. The responses though, as with the previous section, did reinforce that the 
students found the teaching mechanisms effective and so did not act as a barrier to their 
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understanding that meant they could be included in the next module as part of the overall 
communication strategy. 
 
The final part of this analysis extends the students’ thinking regarding the mechanisms and 
modes of engagement used in the lectures. Question 7 asked if the students could suggest any 
other technology or teaching technique that they suggest could be introduced to support the 
learning process. The results are shown in figure 4.8. 
 
 
Figure 4.8 Students’ responses when asked what other technology or teaching techniques would they 
have liked introduced to support the learning process (question 7). Only eight students responded to 
this question with their responses being categorised into wanting greater use of seminars and the 
internet and in particular a managed learning environment used in other modules at the university. The 
other nine students did not respond to that question.  
 
Although, as can be seen in figure 4.8, only eight students responded to this question, the 
majority suggested that the Internet could have a greater role in the module with some students 
suggesting WebCT explicitly as mechanism of engagement. One student commented that there 
could be a use of seminars possibly suggesting that they may have wanted to have a greater 
inclusion of learner-centred, social interaction during the learning process. The results from this 
question did identify that the students perceived online technologies as having a role in the 
learning process and so any inclusion in a communication strategy would potentially be 
beneficial. 
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The questionnaire used in the pilot study provides valuable data in identifying a successful 
questionnaire for the main study and also in confirming the different elements for the 
communication strategy. The results showed that the PDP statement provides a useful tool for 
identifying the students’ personal approach to the learning process and that the questionnaire is 
best focused on the mechanics of the learning and teaching process, in terms of the modes and 
mediums of engagement. The analysis of the pilot study questionnaire also identified the 
students’ perception of the learning process and the successful elements that could be 
incorporated into the new strategy including the assessment and teaching mediums. The 
students also confirmed that the new generation of online technologies have a role as part of a 
wider engagement strategy to develop understanding about climate change science. 
 
4.3 Pilot study interview results 
The results from the pilot study interviews focus on the element that evaluate the students’ 
learning styles as this aspect represents a gap in the data provided by the questionnaire. 
 
The interviewees were asked directly about their awareness of their own learning style. Bob 
stated that he saw his learning style as a strong logical, solitary and visual learner: 
 
Bob: “From what I was doing yesterday, I like to have it structured and towards the sequential. I 
like to be told what to do and then left to my own devices on what I am doing.” 
Bob: “Yeah if I’m doing work then I like to sit down and have it there in front of me and then just 
do it.” 
In response to being asked what stimulated him, Bob replied with: “pictures really”. 
 
This awareness of his learning need extended to the point where he could identify that if the 
task or learning opportunity did not conform to his preference then he struggles and become de-
motivated: 
 
Bob: “When you’re given a specific project which is worth quite a few marks and you’re given 
guidelines on what you should be and shouldn’t be doing then I find that quite enjoyable. I like to 
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have quite a bit of structure. I don’t really like this upper degree part where you are left to 
yourself to come up with your own ideas, I don’t really like that too much I find it hard and I 
always have in the back of my mind ‘am I doing the right thing?’ and I just don’t like doing things 
where I could be wasting my time.” 
 
Despite identifying himself as having a strong solitary learning style, Bob also alluded to the 
need to have social interaction with the learning environment:  
 
Bob: “It’s [fieldwork] often more enjoyable as well ‘cos it’s out and about, something a bit 
different, have a laugh with your friends as well as learn something really good.” 
 
Kinaesthetic learning is important to Bob as he describes being in the field as an strong way for 
him to engage with the learning. Sue supports this learning position when she is asked to 
describe her ‘best’ educational experience she remembers acting out a play in English as 
opposed to reading: 
 
Sue: “I guess the ones where we were covering something interesting but we did it in a different 
way to normal. Like in English. Instead of just reading from our desks from a play we got up and 
acted it out.” 
 
Sue had a greater awareness of learning styles and could articulate her preferences. When 
asked whether she had carried out an audit on herself Sue replied: 
Sue: “I’m a mixture. I learn quite well with sounds but also if I try I can do pictures as well. In my 
head I can be a picture thinker.” 
 
Both showed evidence of strategic learning where they would identify what they needed to do to 
achieve a certain level or fulfil certain expectations of the lecturer: 
 
Pete: “... And now if you are set a task on your own how do you react to that now?” 
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Sue: “Now with every piece of work the first thing I do is work out what the lecturer wants to 
hear and if I can’t work that out then I get stressed about it. If I can I’ll work out what they want 
to hear or what they wanted me to do and then I‘ll just give it back to them… generally I’ll just 
jump through the hoops they’re showing me.” 
 
Even though the interviews provided a rich data source it is decided not to use this method in 
the main data gathering section of the study due to the time constraints for the researcher. It is 
also problematic arranging interviews with the students within a reasonable time period as the 
Christmas vacations began immediately after the module finished. In its place two 
questionnaires (Memletic learning style questionnaire and the end of module questionnaire) and 
the Personal Development Planning (PDP) statement were used. 
 
4.4 Summary 
The data from the pilot study played an importan role in identifying where it would be possible to 
introduce new intervention measures that more closely reflected the contextual model of 
engagement. The participant observations identified that the module closely followed the deficit 
model discussed in chapter 2, suggesting that it is a suitable context within which to evaluate 
the study’s research questions. These could be facilitated through the development of greater 
reflection during the assessment process and through better feedback process. It would also be 
possible to introduce online technologies to support the staff and student management of the 
learning process. 
 
Although the questionnaire used in the pilot study provided valuable data in identifying what 
would be a successful questionnaire for the main study it was evident that there were more 
successful mechanisms for identifying the same information but using a social constructivist 
pedgagogy. However, the pilot study questionnaire did identify the students’ perception of the 
learning process and the successful elements that could be incorporated into the new strategy 
including the assessment and teaching mediums. The results also confirmed that the new 
generation of online technologies have a role as part of a wider engagement strategy to develop 
understanding about climate change science 
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Chapter 5  
Student strategies to support understanding and engagement 
 
In chapter 2 it is seen that a successful communication strategy needs to consider both the 
mode and the mechanisms used to engage the expert and the learner. The contextual model 
could be viewed as a suitable mode of engagement guided by principles and practice 
developed under a social constructivist paradigm as a framework. This framework places the 
individual at the centre of the process, with the expert creating a series of experiences for the 
learner to actively engage with concepts and ideas within a social environment. Through the 
process of reflection and testing, a learner’s knowledge develops and become deeper requiring 
the expert to provide further learning experiences to extend this cycle. A deeper understanding 
of the climate change science allows the individual to identify the relationship between the 
themes within the discipline, allowing synthesis and application to new situations. 
 
This chapter explores whether the learning process during the module is a barrier to the 
students’ understanding of the climate change science. The learning process is replicated as far 
as possible for the 2005 and 2006 cohorts. The assessment during the module remained the 
same, with both cohorts having to complete a weekly reflective journal and a poster 
presentation. The focus of the final lectures relating historical social development to 
environmental determinism did change between 2005 and 2006, as did the reading lists. This is 
reflected in the subjects examined in the two cohorts’ reflective journal entries. The only other 
aspect of the learning process that changed is the structure of the Wiki that the students 
contributed to during the module (section 3.5.2). The cohort in 2005 is provided with a 
structured Wiki with a separate page provided for each of the weeks, whilst the 2006 cohort 
were only provided with a single page with a quote from a journal paper. Other delivery methods 
and mechanisms remained the same over the two years.  
 
The results are derived from the analysis of three evaluation tools: questionnaire sampling, a 
‘Memletic’ learning style questionnaire and the Personal Development Planning (PDP) reflective 
statement. The role and management of these are described in sections 3.6, 3.8 and 3.7. 
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5.1 Questionnaire sampling of students’ perceptions of the learning mediums 
As part of the module evaluation process, the students were asked to reflect on the role that the 
eLearning tools played in developing their understanding of the science during the module. The 
reflection process is guided by the use of a short questionnaire divided into four areas as 
discussed in section 3.6: 
• Aspects of understanding: How they perceived their understanding to have changed 
and what they attributed this change to; 
• Aspects of eLearning: What were the students’ perceptions of the role that eLearning 
took in the module; 
• Role of the managed learning environment (MLE): How significant is the MLE in 
supporting their learning and understanding; 
• Role of the Wiki: How significant is the Wiki in supporting their learning and 
understanding. 
 
Table 5.1 shows the breakdown of the number of responses to the questionnaire for the two 
cohorts of students, with both groups showing a high level of completion of the questionnaire. 
This high level of completion can be attributed to the questionnaire being given to the students 
at the end of the final lecture as part of the formal evaluation process although the students 
were advised that participation is voluntary. 
 
Student Cohort Number of students Questionnaire 
responses 
Response rate 
2005 38 28 74% 
2006 27 27 100% 
Table 5.1 Breakdown of the number of respondents to the end of module questionnaire to identify 
students’ perceptions to the role of eLearning within the Environmental Processes and Change Module. 
 
It should be noted that in the questionnaire where the students were asked to rate a specific 
aspect of the learning process, the rating scale ran from 1 to 10 with 1 being high and 10 being 
low.  When these figures were originally plotted the graphs proved misleading as the tallest bars 
represented the lowest score where expectations suggested the lowest score be the smallest 
bar. For this reason, the graphs in this chapter have been plotted with the ratings reversed so 
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that the where a student rated an aspect as being 1 (ie high) on the graphs this has been 
plotted as a 10. The range of the each of the ratings has been noted for each figure. 
 
5.1.1 Aspects of understanding 
Figure 5.1 shows an extract from the questionnaire detailing the questions that identified 
students’ perceived levels of understanding and the role the different teaching and learning 
tools had in affecting this level. 
 
(1) On a scale of 1 - 5 with 1 being the highest, how would you rate your understanding of 
environmental process and change before starting the module? 
(2) On a scale of 1 - 5 with 1 being the highest, how would you rate your understanding 
environmental process and change following the module? 
(3) Using 1st, 2nd 3rd etc. put these activities in order of priority of how well they helped you 
understand the science behind Environmental Processes and Change: 
• Lecturers explaining the information 
• PowerPoint presentations 
• Weekly readings 
• Reflective statements 
• The discussions on WebCT 
• Opportunities to ask questions in lectures 
• The Tutorial sessions 
• Producing a poster for assessment 
• Watching the Video 
• Contributing to the Wiki 
 
Figure 5.1 Questions 1 and 2 from the questionnaire designed to identify students’ perceptions of their 
understanding environmental process and change at the beginning and end of the module and their 
rating of the different teaching and learning tools in affecting this level. 
 
The questionnaire initially focused on the students’ perceptions of the overall learning process, 
in terms of how they thought their level of understanding had changed as a result of completing 
the module and what were the learning mediums that impacted most on this understanding. 
Figure 5.2 shows a comparison of the mean understanding levels given by each student for this 
change in understanding.  
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Figure 5.2 Comparison of the two cohorts’ perceptions of their level of understanding of environmental 
processes and change science before and after the module. Students were asked to rate their 
understanding on a scale of 1-5 with 1 being the highest (questions 1 and 2 in the questionnaire, figure 
5.1). Overall, both cohorts of students perceived their level of understanding to have improved over the 
course of the module with the 2006 cohort perceiving the greatest increase. 
 
Overall, both cohorts of students perceived their level of understanding to have improved over 
the course of the module with the 2006 cohort perceiving the greatest increase. However, not all 
the students rated their understanding as having improved with 7 students in 2005 and 4 
students in 2006 recording a decrease. Both years had one student who perceived no change.  
 
Question 3 asked the students to reflect on the type of learning media that they felt had 
impacted most on developing their understanding during the module. They were provided with a 
list of the learning media used by the lecturers and asked to rank them according to which ones 
they perceived developed their understanding the greatest (figure 5.3).  
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Figure 5.3 Comparison of the 2005 and 2006 students’ rankings of the learning media that they felt 
helped them the most in understanding climate change science (question 3 in the questionnaire, figure 
5.1). The learning media that the students would be most familiar with (e.g. lecturing, PowerPoint 
presentations and reading journals) were perceived as having the greatest impact on their understanding; 
although the role of the video, a technology they would be familiar with, is perceived as having a lower 
impact. 
 
In figure 5.3 it can be seen that both groups ranked the role of the lecturer teaching as the most 
significant on developing their understanding, with watching videos having the lowest impact. 
The learning media that the students would be most familiar with (e.g. lecturing, PowerPoint 
presentations and reading journals) were perceived as having the greatest impact on their 
understanding; although the role of the video, a technology they would be familiar with, is 
perceived as having a lower impact. The role of the video could have been ranked low because 
it is only used twice during the module, whereas the other media were used on a weekly basis. 
In contrast to the positive role that traditional teaching tools played in the learning process, the 
newer, more unfamiliar tools such as the poster assessment, the Wiki and WebCT (discussion 
board) were perceived as having a lower impact on developing understanding.  
 
Both cohorts ranked the media in the same order except for the assessment techniques. The 
2005 cohort ranked the poster presentation as having a greater effect than the weekly journal 
paper review, whereas the 2006 cohort ranked the weekly reflective journal as having a greater 
effect.  
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In figure 5.3 it can be seen that the students ranked the role of reflection low in how it developed 
their understanding. Within a constructivist paradigm it is the key tool to developing 
understanding and as such is the responsibility of the lecturer, as the expert, to not only 
facilitate the process but also to support the student in being aware of the learning process. It 
appears from the results shown in figure 5.2 that this consciousness-raising process did not 
occur. 
 
The rankings from figure 5.3 were aggregated to identify the students’ perception of the role of 
interpersonal or intrapersonal learning strategies (section 2.5) in developing understanding 
climate change science (figure 5.4). 
 
 
Figure 5.4 Comparison of the students’ perceptions of the type of learning media (interpersonal or 
intrapersonal) that had the greatest impact on developing their understanding. Both cohorts ranked the 
media that engaged them in interpersonal learning situations (e.g. engaging with lecturers/peers) higher 
than the media that required the students to engage with the learning media using intrapersonal 
strategies (e.g. reflective diaries, watching PowerPoint presentations and individual readings). 
 
As can be seen in figure 5.4 both cohorts of students ranked the media that engaged them in 
interpersonal learning situations (e.g. engaging with lecturers/peers) higher than the media that 
required the students to engage with the learning media using intrapersonal strategies (e.g. 
reflective diaries, watching PowerPoint presentations and individual readings). However, when 
comparing the individual (figure 5.3) and aggregated rankings (figure 5.4) there are two 
intrapersonal learning media (PowerPoint presentations and readings) that were ranked as 
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having a higher impact on understanding than the interpersonal media except the role of the 
lecturer.  
 
5.1.2 Role of eLearning (Managed Learning Environment [MLE] and Wiki) 
In the previous section, the different media that the students perceived as having an impact on 
developing understanding were highlighted, with the media that promoted interpersonal learning 
opportunities being perceived by the students as having the highest value.  The research 
question discussed in section 1.1 focuses on the potential role that online technologies could 
have in developing understanding of climate change science. In figure 5.3, it is seen that the 
students perceive both of the online technologies as having a lower impact on supporting their 
understanding than the face-to-face contact with the lecturers. The Wiki and the discussion 
board also rank lower than the PowerPoint presentations but higher than lesser-used media 
such as video and poster assessment. Even though the students ranked the online technologies 
as having a lower impact on their understanding they did acknowledge that the discussion 
board and Wiki did have a positive impact on the learning experience.  
 
The next part of the questionnaire focused on the role of the eLearning online technologies as 
can be seen in figure 5.5 that illustrates the specific questions. 
 
 
(4) Did you manage your time differently as a result of using eLearning? 
 
(5) Did you experience any problems using eLearning in this module? 
 
(6) How would you rate the eLearning resources used in the module? 
 
(20) What would you identify as the key advantages and/or disadvantages of you using eLearning in 
this module? 
 
Figure 5.5 Extract from the questionnaire illustrating the questions specifically relating to the eLearning 
online technologies. 
 
Of these 4 questions, although out of sequence from the other questions relating to eLearning, 
question 20 provides an overview of the students’ perceptions of the role of the Managed 
Learning Environment (MLE) and the Wiki during the module. The question asked the students 
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to consider the advantages and disadvantages of the online technologies in the learning 
process with the responses summarised in tables 5.2 and 5.3. 
 
Theme Category 
% number of 
references 
 2005 2006 
Total 
number of 
references 
Online work submission 21 26 13 
Access anytime 25 11 10 
Avoid printing work 4 4 2 
Time 
manag-
ement 
Track past assignments 4 0 1 
Peer support 25 33 16 
Lecturer support 4 26 3 
Easy to ask questions 4 4 2 
Support 
Online resources 0 7 2 
Encouraged wider reading 4 0 1 
Opportunity to reflect and develop thinking 4 19 6 
Easy to check work 4 0 1 
Editing facilities 4 7 3 
References for future work 4 0 1 
Training in eLearning 4 0 1 
Changing information encourages you to check 
regularly 4 4 2 
Learning 
Enjoyable 4 0 1 
 
Table 5.2 Summary of the perceived advantages of eLearning (question 20 of the questionnaire, figure 
5.5). Peer support is referred to most often, with the ability to submit work online and have access anytime 
to the learning process also being perceived as a common advantage. The main advantages have been 
highlighted in bold.  
 
 
It is seen in table 5.2 that both cohorts perceive the eLearning as having a range of positive 
effects with the main advantages having been highlighted in bold. Reflecting the student’s 
preference for interpersonal learning strategies as highlighted in figure 5.4, both groups referred 
to the opportunity that eLearning provided in facilitating peer support during the module. 
Although referred to, the opportunity to engage with lecturers outside of the lecture room is not 
seen as such an advantage, despite being another interpersonal learning opportunity. This 
could be as a result of the student’s apparent frustrations in communicating with the lecturers at 
different points in the module and forms part of the disadvantages of eLearning as summarised 
in table 5.3. The other two key advantages that the students noted were regarding the 
opportunities for time management and in particular the ability to submit work online and having 
access to the resources at anytime. Although it is not referred to as many times as the previous 
advantages, the students did suggest that the eLearning did provide an opportunity to reflect 
and develop their thinking. The 2006 cohort who also ranked the role of the Wiki higher than the 
2005 cohort referred to this advantage in particular. 
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The disadvantages that the students’ identified in question 20 can be seen in table 5.3 with the 
main ones highlighted in bold. 
 
% number of 
references 
Theme 
  
Category  
2005 2006 
Total 
number of 
references 
Contact 14 0 4 
Staff ‘reliability’ 0 21 6 Communications 
  Feedback 22 0 6 
No hard copies of work 4 0 1 
No hard copies of deadlines 4 0 1 
Technical 
  
  Doesn’t always work 4 29 9 
Felt isolated 4 0 1 
Self-discipline 4 0 1 Personal 
  Sense of detachment 0 4 1 
 
Table 5.3 Students’ perceived disadvantages of eLearning (question 20 of the questionnaire, figure 
5.5). The students perceived the unreliability of the technology as the biggest disadvantage with staff 
reliability and assessment feedback also being considered negatively. The main disadvantages are 
highlighted in bold. 
 
By comparing tables 5.2 and 5.3 it can be seen that the students perceived there to be fewer 
disadvantages to the eLearning than advantages. This is reflected in the range of categories 
and also in the number of references made suggesting that the eLearning is overall a positive 
experience. As can be seen in table 5.3, in addition to the reliability of the technology, the 
students also perceived the role of the lecturer in managing the eLearning process as a major 
disadvantage. The participant observation records show that the students’ main criticism of the 
role of the lecturer is the rate they responded to questions and queries on the discussion board. 
Of the disadvantages cited in response to question 20, there is no one factor that both cohorts 
agreed with. For the 2006 cohort, there is an issue with the reliability of the eLearning 
technology, in particular the Wiki website. This cohort used a different Wiki website than the 
2005 cohort that could have led to the perceptions that the technology is a disadvantage of 
eLearning, although the students in 2006 did rank contributing to the Wiki higher than the 2005 
cohort. 
 
Having established the students’ perceptions of the overall role of eLearning in developing their 
understanding of the climate change science, the questionnaire asked the students to reflect on 
the role that the specific eLearning tools had. Figure 5.6 shows an extract from the 
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questionnaire, highlighting the questions relating to the role of the Managed Learning 
Environment (WebCT). 
 
 
(7)On a scale of 1-5, with 1 being the highest, how would you rate WebCT as it is used across the 
University? 
 
(8)How would you rate WebCT as a means to understand details about the module? 
 
(9)How would you rate WebCT as a way of submitting assessment work for this module? 
 
(10)Did you feel having extra contact with other course members through WebCT helped with your 
understanding of the physical geography science? 
 
(11) Rank (1st, 2nd, 3rd etc.) the following aspects of WebCT in order of importance to you: 
• Discussion board 
• Electronic course content 
• Online submission 
• Peer support 
• Ongoing communication with lecturers 
 
Figure 5.6 Extract from the questionnaire highlighting the questions specifically relating to the 
managed learning environment (WebCT). 
 
Question eight asked the students to rate the managed learning environment (MLE) as a means 
of understanding details about the module. This question is phrased to determine how well the 
students’ perceived the MLE as a medium of communication in addition to the questions they 
were able to ask the tutors and their peers in a face-to-face situation. The results from this 
question can be seen in figure 5.7. 
 
Figure 5.7 Comparison of students’ perceptions of the role of the MLE on understanding details about the 
module (question 8 in the questionnaire, figure 5.6).T he majority of students from both cohorts perceived 
the role of the MLE positively with regard to the way that it is used as a means of communicating module 
details outside of the lecture. 
 
 113 
In figure 5.7, the majority of students from both cohorts perceived the role of the MLE positively 
with regard to the way that it is used as a means of communicating module details outside of 
the lecture. There were only 2 students in 2005 who rated it as poor with all the students in 
2006 rating the MLE as either ‘OK’ or better in spite of the eLearning reliability disadvantages 
that they cited in table 5.4.  
 
The students’ reaction to the role of the MLE in allowing work to be submitted online (question 
9) and as a means of communication (question 10) is identified through the results in question 
20 and so have not been included in this analysis. Question 11 though, asked the students to 
consider each of the five different elements and applications of the MLE that were used during 
the module and how important they were (figure 5.8). The question did not specify what the 
‘importance’ is in relation to. 
 
Figure 5.8 Comparison of the students’ ranking of the importance of the five elements and applications of 
the MLE used during the module (question 11, figure 5.6). Question 11 asked the students the rank them 
in order of 1st, 2nd 3rd etc, but for the graph the rankings have been reversed so that the taller the column 
the higher the mean ranking. As can be seen both cohorts rated the role of the MLE’s online submission 
function the highest with access to the course content the least important feature.  
 
The results shown in figure 5.8 show that the students’ ranked being able to submit work online 
as the most important feature of the MLE during the module, whilst having access to the course 
materials is ranked the lowest. Both cohorts also ranked the role of increased opportunities for 
peer/tutor support highly. The information reflects the students’ perceived advantages of 
eLearning identified in table 5.2, although increased peer support is seen as a bigger advantage 
than being able to submit work online.  
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Along with the MLE, the Wiki website is the other element to constitute the online eLearning 
within the module. The questions within the questionnaire that specifically address the students’ 
perceptions of the role of the Wiki are shown in figure 5.9.  
 
 
(12) On a scale of 1 - 5, with 1 being the highest, how would you rate the Wiki? 
 
(13) Did having the ability to look at other people’s ideas on the Wiki help develop your own thinking? 
 
(14) Which of the following best describes your level of interest in checking people’s responses to your 
contributions? 
 
(15) Did you experience a sense of pride towards your contributions to the Wiki? 
 
(16) Did being anonymous on the Wiki make it easier to edit other people’s contributions? 
 
(17) On a scale of 1 – 5 with 1 being very positive, how did you feel knowing that someone could 
change your Wiki contribution?  
 
(18) Did having someone alter your contribution to the Wiki inspire you to re-edit your contribution 
having first carried out some more research? 
 
(19) Did knowing that other people would be looking at your ideas make you more critical of your own 
understanding of the science? 
 
Figure 5.9 Extract from the questionnaire showing the questions that relate specifically to the role of the 
Wiki in the learning process. 
 
The first question in this section of the questionnaire asked the students to consider their overall 
rating of the Wiki website. The results can be seen in figure 5.10. 
 
Figure 5.10 Students’ overall rating of the Wiki website using a scale of 1 – 5, where 1 is the lowest 
(question 12, figure 5.9). The 2006 cohort rated it higher than the 2005 students in spite of students in 
2006 suggesting the biggest disadvantage of eLearning is the reliability of the technology. 
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As highlighted in table 5.3, peer support is the perceived by the students as being the key 
advantage to the introduction of eLearning. The extent to which the Wiki website could have 
encouraged the support process is explored in Questions 13 and 19 of the questionnaire. 
Figures 5.11 and 5.12 below shows the relationship between the students’ being able to view 
each others work and the fact that their own ideas were being viewed and potentially assessed 
by their peers and how this impacted on their reflection and the quality of their entries.   
 
 
Figure 5.11 Student rating of whether being able to look at other people’s ideas on the Wiki helped to 
develop their own thinking (question 13). 
 
 
 
Figure 5.12 Student rating of whether knowing that their peers would be looking at their ideas affected the 
degree to which they became more self-critical of their own understanding (question 19). Both cohorts 
indicated that they were more self-critical of their understanding knowing that their peers would be looking 
at the ideas they had written.  
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In both diagrams it can be seen that the majority of students used peer support to develop their 
own understanding of the climate change science. Figure 5.11 indicates that the majority of the 
students perceived that being able to see other people’s ideas on the Wiki helped to developed 
their own thinking at some occasions. Only 3 students from each cohort did not feel that this is 
the case at any point in the module. However, when the students are asked whether having 
someone look at their ideas helps them think more critically before expressing themselves, only 
one student in 2006 said they do not consider that to be a factor (figure 5.12). For the 2006 
cohort, this factor is more of an influence on their thinking than the 2005 cohort although all the 
students in 2005 state that their thinking is impacted on to some degree. 
 
5.1.3 Summary of questionnaire sampling 
The results from the questionnaire show that overall, the two cohorts of students perceive their 
understanding of climate science to have increased by the end of the module. Although the 
students identify that their understanding did increase during the module they were not asked 
whether their understanding is deeper. That is, they may perceive that they have more 
facts/knowledge about climate science but they may not necessarily be able to connect these 
facts and apply them to new situations that would reflect a deeper understanding.  When the 
students were asked to identify the teaching and learning elements that affects this level of 
understanding both cohorts rated the role of the lecturer as having the biggest influence. This 
suggests that the students have a strong visual and linguistic learning style having also 
identified the PowerPoint presentations and the weekly journal readings as having a high impact 
on their understanding. It is also possible to identify that the 2005/6 cohorts have a strong social 
learning style as they rate the learning and teaching media that require them to interact with 
other students or lecturers higher than the media that requires them to work on their own 
(solitary). This is reflected in the overall ratings of the students’ preference for teaching and 
learning media that promote either intrapersonal or interpersonal learning, with interpersonal 
ones being rated higher. 
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The role of the Wiki and Online discussion board are both rated relatively low in comparison to 
the other teaching and learning media, in particular, the online discussion board is ranked 
second lowest only being ahead of watching videos. 
 
Despite ranking the role of the technology relatively low in comparison to the other teaching and 
learning media, the 2005/6 students were able to identify a range of advantages with using the 
technology. The largest number of references is made to the role of the technology enhancing 
the peer-support network, with the opportunity to submit work online and to access their work 
anytime also being frequently referred to. These advantages are tempered by the students’ 
identification of several disadvantages with the eLearning elements although the two cohorts 
differed as to what they are. The disadvantages tend to relate to the technical reliability of the 
technology or the lecturers reliability in communicating with the students. Despite the problem 
with communicating with the lecturers, their support along with their peers, is identified as being 
important features in developing their thinking and understanding and in the way that they 
communicated their understanding to each other.   
 
 
5.2 Students’ preferred learning style 
The end of module questionnaire, noted in section 3.6, provided data that interrogated the 
students’ perception of the learning process and what factors within that process supported 
understanding.  
 
As part of the reflective process identified in section 2.4, the students completed the Memletic 
learning style questionnaire, a questionnaire that had been developed by a third party 
(Advanogy, 2003) to identify students’ preferred learning styles (c.f. Gardner, 1983). Table 5.4 
shows the response rate for the two student cohorts in completing the learning styles 
questionnaire and highlights the considerably lower number of completed questionnaires in 
2006 than in 2005. 
Student cohort Number of students Number of completed 
questionnaires 
2005 38 24 
2006 27 9 
Table 5.4 Breakdown of the number of students who completed the ‘Memletic’ learning style 
questionnaire 
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The students’ responses to the questionnaire were automatically converted to a numerical score 
to indicate the relative strength of each learning style for the individual student. Figure 5.13 
illustrates an example of the converted scores for the questionnaire responses in relation to the 
learning style categories.  
 
 
 
 
 
 
 
 
 
 
visual 11/20 
aural 8/20 
verbal 8/20 
physical 9/20 
logical 9/20 
social 15/20 
solitary 8/20 
Figure 5.13 Example of the converted responses to the Memletic online questionnaire to determine 
preferred learning styles as discussed in 3.2 the conversion is calculated using an internal programme 
Advanogy(2003) and shows the learning styles as described by Gardner (1983) 
 
In the example shown in figure 5.13, the scores indicate that the student’s strongest learning 
style is social with a score of 15 out of 20, their second strongest style is as a visual learner. 
Typically, this student responds well to a learning environment that allows them to actively 
engage with other people employing images as a stimulus.  
 
The scores for each student were plotted within Advanogy, providing a graphical representation 
of the student’s learning styles. Figures 5.14 and 5.15 show a sample comparison of the 
learning styles between the two cohorts.  
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Figure 5.14 Random sample of the graphical output of the Memletic learning style questionnaire 
completed by the 2005 cohort of students. The plots show that there is a substantial variation in the 
students’ preferred learning styles 
 
Due to the high response rate in 2005, a random sample of the students’ charts were used to 
illustrate the range of learning styles. This sample matched the total number of completed 
Memletic questionnaires by the 2006 cohort and illustrates the substantial variation of learning 
styles within the group. Figure 5.15 shows the results for the 2006 Memletic questionnaire.  
 
Figure 5.15 Graphical output of the Memletic learning style questionnaire completed by the 2006 cohort of 
students. Due to the low number of completed questionnaires all the responses have been included in this 
figure. As with figure 5.14, the plots show that there is a substantial variation in the students’ preferred 
learning styles. 
 
Figure 5.15 shows the graphical output of the Memletic learning style questionnaire completed 
by the 2006 cohort of students. Due to the low number of completed questionnaires all the 
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responses have been included in this figure. As with figure 5.14, the plots show that there is a 
substantial variation in the students’ preferred learning styles. 
 
By comparing the two charts it can be seen that the each student has their own learning style 
profile although there may be some similarities with regard to students’ preferred particular 
learning styles. For example, in 2006, students 5 and 6 showed a similar pattern in their 
preferred learning styles (strong tendency towards aural, physical and visual) but there is a 
difference in the degree to which they indicate their preferences (student 6 has higher scores 
than student 5).  Although these two students showed a similar pattern they differed markedly 
with regard to their preference for either solitary or social learning.   
 
To identify an overall impression of the students’ learning styles, the responses to the 
questionnaires for the two cohorts were averaged according their mean value and plotted onto a 
separate chart (figure 5.16(a) and (b)). 
 
 
Figure 5.16(a) Comparison of the two cohorts’ mean average scores for the ‘Memletic’ learning style 
questionnaire. Both cohorts display a similar pattern in their preferred learning style with social learning 
style being dominant. This dominance is more pronounced in the 2005 cohort, with the 2006 cohort 
showing a more balanced pattern.    
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Figure 5.16(b) Comparison of the two cohorts’ mean average scores for the ‘Memletic’ learning style 
questionnaire. Both cohorts display a similar pattern in their preferred learning style with social learning 
style being dominant. This dominance is more pronounced in the 2005 cohort, with the 2006 cohort 
showing a more balanced pattern.    
 
The two charts in figure 5.16(a) and (b) show that generally the average pattern of strengths 
and weaknesses regarding learning style is relatively consistent between the two cohorts. The 
2006 cohort demonstrated a slightly stronger solitary and logical style of learning whereas the 
2005 cohort showed that they had a stronger preference for visual, aural, physical and social 
learning. Both cohorts demonstrated a preference for learning socially to the other styles and 
the 2005 cohort showed a much lower score for logical style of learning. It can also be seen in 
figure 5.16 that both cohorts did not demonstrate a strong preference for verbal learning style, 
suggesting that they did not need to ask questions or verbally articulate their thoughts to 
develop their understanding. The 2006 cohort display a more balanced pattern in terms of their 
preferred learning style with only social learning showing any dominance against other learning 
styles. 
 
As discussed in section 2.5, the students’ learning style profile could provide barriers to their 
developing a deeper understanding of the climate science during the module. If the students 
were expected to engage with the learning in a way that is not supportive then they could be 
disadvantaged in trying to understand concepts. The results in this section suggest that the 
students, as cohorts across both years, prefer to learn using social (interpersonal) strategies 
and mediums. When comparing this to the results in section 5.1 the students’ responses are 
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consistent in that they perceived the role of the lecturer as a key feature in supporting their 
understanding and the role of peer support as being an important feature of the eLearning.   
 
It has been noted that the student learning profiles in figure 5.16 show both cohorts have a 
preference for social or interpersonal learning suggesting that they rank those learning media 
that engages them socially higher. However, as is seen in figure 5.2, the students ranked 
looking at PowerPoint presentations and reading journal papers (intrapersonal media) more 
highly than the interpersonal media except the role of the lecturer. The mean ranking of the 
learning media did show that the students perceived the interpersonal media higher than 
intrapersonal in impacting on their understanding (figure 5.4). This suggests that although the 
students had their preferred learning styles they were able utilise other styles that could still 
support them in their understanding of the science, despite being less preferred. 
 
The results from the learning style questionnaire suggest that all the students have their own 
unique learning style although when these results are aggregated it is possible to determine a 
profile for the ‘average student’. When averaged, the student profiles for both years show 
similar trends with regard to the preferred learning styles, with both cohorts showing a 
preference for social and aural learning. However, when these learning strengths are compared 
to the students’ perception of the learning medium that best supports their understanding, they 
do not perceive that all social learning mediums are important, but this does reflect the students 
ranking of the role of the lecturer as they would be listening to them supporting their aural 
learning style. The aggregated profile reflects the students’ perceptions of the role of eLearning, 
where they identify the biggest advantage as having peer support during the module through 
the MLE and the Wiki. 
 
5.3 Students’ learning strategies 
Through the analysis of the end of module questionnaire and the ‘Memletic’ learning style 
questionnaire, it has been seen that the students seem to prefer social (interpersonal) learning 
styles to support their developing knowledge during the module. ELearning appears to have an 
important role to play in the learning process by facilitating peer support and allowing access to 
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the learning process at times convenient to themselves, although reliability of the technology 
and the tutors were considered barriers to the learning process. Students also acknowledge that 
the feedback process could be a disadvantage of the eLearning. 
 
In conjunction with the Memletic learning style questionnaire, the students were also asked to 
reflect on their learning style and how this could be used as part of an overall learning strategy 
through the Personal Development Planning (PDP) statement (section 3.7). This provides the 
opportunity to ‘triangulate’ the data from the learning style questionnaire discussed in section 
3.8 and also to support the students in becoming reflective practitioners (Dewey, 1938). The 
resulting PDP statements were analysed to further understand learning strategies (Gardner, 
1995) used by the students during the module. In sections 5.1 and 5.2 it is seen that the 
students’ primary learning strategy is interpersonal; however, the resources that they found 
supported their learning reflected both inter- and intrapersonal strategies. The analysis of the 
PDP statements provides a further opportunity to determine the extent to which the students 
relied on a particular strategy to support their engagement during the science and as a result 
develop a deeper understanding. 
 
Table 5.5 shows the breakdown of the student cohorts for each year and the number of 
completed PDP reflective statements where a significantly greater proportion of students 
completed a statement in 2005 than in 2006.  
Student cohort Total number of students % completed reflective 
statements 
2005 38 79% 
2006 27 63% 
Table 5.5 Breakdown of the 2005 and 2006 student cohorts on the Environmental Processes and Change 
Module identifying the number that completed a reflective statement. 
 
The PDP statements were free-coded (section 3.10) but because both cohorts of students 
followed the guide (figures 5.2 and 5.3) so closely the structure of the statements were closely 
matched. The data from both cohorts could therefore be combined to create a single set as 
there is little variation between the two cohorts. From the coding, two categories were identified 
as part of the students’ overall learning strategies: 
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• Motivational strategies: it is seen in the pilot study (figure 4.9) that the students’ level of 
motivation fluctuated during the module and so they were encouraged to consider 
strategies adopted to maintain motivation levels; 
• Specific learning strategies: those strategies that the student could use to support their 
engagement and understanding which may include, self-organisation, support 
mechanisms, time-management etc. 
 
5.3.1 Motivation as a learning strategy 
Within the students’ PDP reflective statements it is possible to identify a range of motivational 
factors that they use to support their learning during the module. These were grouped under the 
following headings: 
• Knowledge development: statements that suggested the students were motivated by 
the desire to develop their knowledge and understanding of the discipline; 
• relevance to other modules: students suggested that they chose the Environmental 
Processes and Change module as it complimented other modules they had chosen; 
• career: the students stated that they were motivated by the prospect of achieving a job 
within the discipline as a result of engaging with the module; 
• personal development: the students’ statements that reflected a personally-driven 
motivation for engaging with the module. 
 
Table 5.6 shows a breakdown of the number of references within the students’ PDP statements 
that fell into one of the seven categories. 
Number of references per cohort Motivation  
2005 2006 
Total number of 
references 
Knowledge 
development 
58 42 100 
Relevance to other 
modules 
23 12 35 
Career goal 3 16 19 
Personal development 10 
 
8 18 
Table 5.6 Breakdown of the number of references within the students’ PDP statements that fell into one 
of the seven categories.  
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The dominant motivational strategy identified within the statement is the students’ intrinsic 
desire to develop their knowledge of the science. These strategies can be divided according to 
those that have been developed for themselves (intrapersonal) and strategies that suggest that 
they are for, or involve other people (Interpersonal) (Gardner, 1983). For example, motivational 
strategies such as knowledge development, career goals and skills development can be 
grouped as intrapersonal as the students’ want to do these things for themselves. Interpersonal 
strategies such the role of their peers and family involve other people as motivating factors. The 
following references, taken from the combined PDP reflective statements, illustrate the ascribed 
coding headings. 
 
(a) Knowledge development 
The dominant motivational strategy identified within the PDP reflective statements is a desire to 
develop their knowledge of the science. This knowledge development is either for its own sake 
or as part of a longer-term strategy such as career development. Matt’s statement typifies the 
development of a deeper understanding for its own sake as a motivational strategy: 
 
Matt: “I have a strong interest in the environment and felt that this module deepened my 
understanding of the whole concept and maybe help explain a lot of things that I have always 
wondered about.  I am very interested in the changes that are taking place on our planet and 
why these changes could be taking place.” 
 
Abby relates her desire to learn more about the discipline when she refers to wanting to develop 
a deeper understanding of the science in order to better understand specific contemporary 
issues: 
 
Abby: “As globally we see the effects of environmental change, images of hurricane Katrina 
and the tsunami in Asia come to mind.   In order to fully appreciate these problems and their 
possible outcomes it is important to understand the processes that caused them.   
Environmental processes and change give more meat to the bones of my current knowledge.” 
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There are no references in any of the statements that contradict the ones made by Matt and 
Abby. This suggests that there is a strong desire amongst the students to participate in the 
module to develop a deeper understanding of the science either on a general level or to be able 
to understand specific, contemporary environmental issues. 
 
The students’ motivation to develop their knowledge of the discipline reflects both interpersonal 
and intrapersonal aspects. The majority of the references within the statements suggested an 
intrapersonal motivation, as illustrated by Ben: 
 
Ben: “I have a strong interest in the environment and felt that this module deepened my 
understanding of the whole concept and maybe help explain a lot of things that I have always 
wondered about.  I am very interested in the changes that are taking place on our planet and 
why these changes could be taking place.” 
 
In this reference, Ben refers to wanting to ‘deepen my understanding’ that allows him to answer 
questions that have been intriguing him. He does not suggest that he uses this knowledge 
beyond his own consumption and personal development. 
 
A reference made by Rose represents the 4% of references that suggest an interpersonal 
motivation for engaging with the module: 
 
Rose: “I am mainly interested in modules belonging to the Geography rather than the Physical 
Geography field.  Hence, this module is not a first choice module, but I am hoping it may 
nevertheless be a useful addition to my programme. My main interests lie with issues such as 
social justice and globalisation, but as an individual generally concerned with the well being of 
people as well as the ecosystem they are part of, it seems useful to have an understanding of 
the processes and changes within this ecosystem… Raising awareness of social, economic and 
environmental injustices and understanding their root causes as well as trying to fight against 
them is one of my main driving forces. Being able to argue my case and show a critical 
understanding is crucial to engage people and to encourage thinking on their part.” 
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Rose’s reference draws on her understanding of the holistic nature of the discipline where she 
acknowledges that although her interests lie more in understanding human geography (primarily 
referred to as ‘geography modules’ at Oxford Brookes University), there is a need to understand 
the physical environment. Her primary motivation in understanding the science is to be able to 
influence society by affecting ‘injustice’ and engaging people in a wider environmental debate. 
 
Violet’s reference illustrates a degree of ambiguity expressed within the statements where it is 
not clear whether the motivation relates to an interpersonal or intrapersonal perspective: 
 
Violet: “I hope to use my degree to get a job within the environment agency or to work as a 
journalist with the national geographic.” 
 
The motivation Violet expresses is to develop understanding in order that she can achieve a 
high standing job such as a journalist with the National Geographic, yet the role of journalist 
could be interpreted as being interpersonal as she wants to use her understanding to engage 
other people. Also the motivational category could be classified as ‘career’ rather than 
‘knowledge development’. 
 
Within the PDP reflective statements it can be seen that the majority of references made 
suggested that the students were motivated to engage with the module to develop knowledge 
for their own benefit, representing an intrapersonal strategy. However, there were some 
students, who wanted to develop an understanding of the science for the benefit of others 
suggesting an interpersonal motivational strategy, although these references were in the 
minority. This analysis is contrary to the results seen in sections 5.1 and 5.2 where the students’ 
learning style suggest that they developed a deeper understanding and engage more effectively 
with the science using interpersonal strategies. 
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(b) Relevance to other modules 
As well as an inherent wish to develop an understanding of the science within the module the 
students also made reference (35 times for the two cohorts) to more strategic reasons for 
choosing the module. The undergraduate degree programme at Oxford Brookes University is 
structured on a modular basis, and as such the students have suggested that they were 
motivated to engage with the module to complement the other modules they have taken or will 
be taking during their degree: 
 
Max:“I have taken modules based more on where they fit in my timetable rather than what I 
enjoy. I find I am poorly motivated to do work if I am not interested in the subject.” 
 
The extent to which the strategic motivation to engage with the module impacted on the 
students’ ability to understand the science being discussed is not investigated during the 
project. Although, from Max’s reference, it suggested that the willingness to engage and 
therefore understand is hindered due to a lack of interest in the discipline or subject matter. 
 
The strategic nature of the students’ module choice does not exclude the possibility that the 
students have chosen the ‘Environmental Processes and Change’ module to develop their 
understanding of the discipline. Richard in his statement, suggests the need to link both human 
and physical processes: 
 
Richard: “The majority of my modules are human related but I hope with the help of this 
module I can link the processes of the environment to human activities. This link between the 
changing environment and the problems that emerge as a result are of great interest to myself 
and increase my motivation to learn more about the subject.” 
 
This reference shows an awareness that there is an interconnectedness within the discipline that 
needs understanding to link the different concepts within the discipline, acknowledging that there 
is a reciprocal relationship between the ‘natural environment and society. This ability to link 
concepts shows a deeper level of understanding according to the Biggs and Collis (1982) SOLO 
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taxonomy as discussed in section 3.9. The degree to which students were able to make 
connections between the different concepts discussed in the module and the extent to which the 
students were able to apply this new constructed to meaning to other areas of the discipline is 
identified in section 5.2.  
 
(c) Career goal 
It is seen in the ‘knowledge development’ heading earlier in this section that the students wanted 
to develop a deeper understanding of the science to enhance their career prospects. Part of the 
remit of the personal development planning (PDP) process is for the students to consider how 
the degree programme helped support their wider choices in life including how it fitted into a 
career. To support this aim, the guide supplied to the students to complete the reflective 
statement deliberately asked about career prospects; as a result there were nineteen references 
to the motivating factor that it played. Mary specifies the knowledge she hoped to develop during 
the module would play a key role in her career choice: 
 
Mary: “I was motivated to choose this module because I am keen to gain a deeper 
understanding of climate change and the Global Warming debate and try to form my own 
opinion of it. This course also fit[s] in as a basis for understanding different environments 
globally and helps me to understand processes and systems deeper so that I can teach others 
in my chosen career.” 
 
Mary’s suggestion that she wants to be able to develop a deeper understanding of the science 
of climate change during the module in order to teach others again shows a joint intra and 
interpersonal motivational strategy similar to Rose in the ‘knowledge development’ section. 
Other references by the students suggest that they are not explicitly interested in gaining 
knowledge about environmental processes but view the module more strategically in supporting 
their attainment of a degree that supports a career. A reference taken from Hilda’s statement 
illustrates this motivational strategy: 
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Hilda: “Wanting to become a teacher is what motivates me, I have always wanted to teach and I 
need a 2:1 to achieve this aim.” 
 
In this reference, Hilda acknowledges that to achieve her career ambition of becoming a teacher 
she needs to achieve a particular grade for her degree course but does not specify how and 
why learning about environmental processes and change motivates her to achieve this grade.  
 
(d) Personal development 
In the previous codings, the students’ references have reflected a desire to achieve a particular 
goal, either knowledge development or career progression. However there were references 
made that suggested an overtly intrapersonal motivational strategy, in that they wanted to 
achieve something for themselves that had no other success criteria. Poppy suggests a deeply 
intrapersonal strategy in her reference: 
 
Poppy: “In life generally I am an organised and motivated person, and I like to achieve good 
results in the things that I do, as much for personal satisfaction as for other reasons.” 
 
In her statement, Poppy says that her motivation for success in understanding the concepts 
within the module stems from her own self-motivation and organisational skills suggesting that 
she is able to engage with the learning regardless of the mode of engagement. Felicity takes 
this type of intrapersonal motivational strategy and then develops it into a interpersonal strategy: 
 
Felicity: “In life, I am motivated by the want to achieve something great and to be recognised 
for that achievement. This motivates me, within my studies, to achieve a high class degree and 
therefore I put a high level of effort into my studies”.  
 
Felicity suggests an initial motivation for wanting to achieve a good degree to be able to achieve 
something but then she has a desire be acknowledged for this achievement. It is not clear from 
her reference what the ‘something great’ is, whether it is a deeper understanding of the science, 
achieving a degree or something else.  
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It has been seen that the students stated they were motivated to engage with the module and 
the science for four key reasons. The most referred to motivational theme is to develop a 
deeper understanding of environmental processes and their reciprocal relationship with society. 
This desire to develop their knowledge could be used as part of both as intra and interpersonal 
strategy for example, for their own personal benefit (intrapersonal) or as part of a wider lifestyle 
choice such as being able to influence other people (interpersonal). The greater amount of 
references to an intrapersonal strategy supports the results from the questionnaire (section 5.1) 
where the students showed a strong preference for intrapersonal learning mechanisms. 
However, this contrasts with the results from the ‘Memletic’ learning style questionnaire that 
suggested the students had a stronger interpersonal learning style. 
 
Motivation is one of the strategies that it is possible to identify from the students’ PDP reflective 
statements that helps to triangulate the effect that the different learning processes had on their 
engagement. The guide for the reflective statement also asked the students to consider what 
specific strategies they could use to directly support their engagement during the module.  
 
5.3.2 Specific learning systems 
As discussed in section 2.5, the term ‘learning strategies’ can be used to describe the learning 
or cognitive styles used by an individual to engage with the learning process. Whilst coding the 
PDP reflective statements, it is possible to identify specific systems or strategies that the 
students employed to support their learning during the module. These specific learning 
strategies, along with the skills and motivational strategies, constitute the overall concept 
learning strategies that is being presented in this section. The coding headings derived from the 
analysis are: 
• Interpersonal strategy 
• Intrapersonal strategy 
 
The breakdown of the number if references that the students made to either using an 
inter/intrapersonal learning strategy can be seen is table 5.7. 
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Number of references per cohort Learning strategy 
2005 2006 
Total number of 
references 
Interpersonal 20 17 37 
Intrapersonal 11 22 33 
 
Table 5.7 Breakdown of the learning strategies suggested by the students and the number of references 
made to them in the PDP reflective statements. 
 
As can be seen in table 5.7, there is a similar number of references to each strategy but the 
ratio of references made by each cohort is different. The cohort in 2005 made more reference to 
using interpersonal strategies rather intrapersonal strategies. However, the 2006 cohort made 
far more references to using intrapersonal strategies. When comparing these results to the 
charts seen in section 5.2, a similar pattern is illustrated where the 2005 cohort showed a 
distinct strength in using social (interpersonal) learning strategies whereas the 2006 cohort 
showed a more balanced preference to learning styles. However, there is still a contradiction in 
the results where, despite the 2006 students learning styles having a less pronounced 
inclination to a particular learning style, they still expressed a strength in interpersonal learning 
styles rather than intrapersonal as is suggested in table 5.7. 
 
(a) Interpersonal learning strategy 
The students identified that they use their peers as the main form of interpersonal learning 
support. The role that the other students took could either be as a motivational factor or as a 
means of identifying an alternative perspective to the work. Sarah’s comment reflects the 
recognition that a social environment, where opinions can be shared, is conducive to developing 
a deeper understanding: 
 
Sarah: “From the exercise, as I felt before, I think I work better with other people, so everyone’s 
personal opinion can be expressed and a better result can be achieved.   Therefore, I shall try 
to talk with fellow students after each lecture about what we have learned.” 
 
As well recognising the role of peers in supporting the learning process, the students also 
acknowledge that the tutors’ role is important. This role tended to be reactive rather than 
proactive for the students, where they seek the help and support of the tutors if they were 
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‘struggling to meet a standard’ rather than talking to the tutors to develop their understanding 
beyond a minimum level of requirement. Poppy’s comment provides a good example of this 
perception of the tutors’ role: 
 
Poppy: “If I find this module difficult and feel that I am not reaching the standards that I should 
be, I try and assess the reasons for this and to identify the areas in which I am struggling, and 
then address the problem by discussing it with my personal tutor or the module leader.” 
 
The students’ perception of the role that the lecturers have in supporting their understanding 
reflects the results from the questionnaire (section 5.1) where the lecturer is recorded as being 
the most important aspect in developing their understanding. Along with the acknowledging the 
role that other people can play in supporting their learning the students also referred to the role 
that developing strategies that relied upon themselves could play in developing understanding. 
These intrapersonal strategies were referred to twice as many times by the 2006 cohort than 
the 2005 cohort.  
 
(b) Intrapersonal learning strategies 
The dominant intrapersonal specific learning strategy cited by the students is with regard to time 
management. The time management strategies that were suggested by the students could be 
divided between a better organisation of their working day/week and the implementation of 
systems to better manage their time. Ian typifies the students who suggested a change in their 
work pattern whilst Phil provides an example of an improved organisational system: 
 
Ian: “I find that I work best alone and aim to complete all work during the week, so that I have 
some weekends free. I find this enables me to approach any work I have with a fresh mind at 
the beginning or week.” 
Phil: “I have devised a personal organisation system where I separate every module into a 
different file and within that file I separate each individual lecture with a paperclip, so that when 
the time comes to revise, it is really easy.” 
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It is seen in table 5.3 that the students perceived the role of eLearning as having an important 
effect on their time management citing being able to submit work anywhere and having remote 
access as being key features. These features would have been important to the students who 
were conscious of needing to develop their time management strategies to support their 
learning.  
 
5.3.3 Summary  
The personal development planning (PDP) reflective statement provided the students with the 
opportunity to develop their reflective skills that are important in the learning process and also 
for them to begin identifying the support mechanisms they could use to allow them to engage 
with the science. The coding analysis of the statements provides a further opportunity to 
triangulate the results from sections 5.1 and 5.2 providing a greater degree of robustness. 
 
From the free-coding process it is possible to see that the students’ anticipated learning 
strategies could be grouped into motivational and specific learning strategies that could be 
further grouped into intrapersonal and interpersonal strategies. Although there are a 
comparable number of references made by the groups there is a difference in the number of 
references each cohort made to the intrapersonal and interpersonal strategies. However, the 
content of the references made by the two cohorts were similar and so could be collated and 
discussed as one dataset. 
 
The students showed a strong motivation to engage with the science to develop their 
knowledge. They suggested that this knowledge is either for their own personal development or 
so they could employ it in other situations such as a career. There were no students who made 
reference to not being motivated to engage with the learning. Therefore, the students’ level of 
motivation is apparently not a barrier to their engagement with the learning. 
 
5.4 Discussion 
The increase in demand for greater accessibility to scientific knowledge and a growing 
realisation amongst the scientific community for greater engagement with the public has led to 
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an alternative communication model to be identified (Wagner, 2007). The development of a 
contextual model of engagement requires the scientist to communicate socially relevant 
knowledge in a way that allows the public to be able to test their understanding, through 
dialogue, with an ‘expert’ (Miller, 2001, Kim, 2007, Leshner, 2007). This exchange allows the 
public to directly question the research and how it impacts on them and also for the scientist, as 
the expert, to facilitate new opportunities for the pubic to engage with the science in the broader 
context of the discipline. The process also has the potential to inform the scientific research by 
acting as a further review process alongside the peer review process already used by the 
research community.   
 
It is discussed in chapter 3 that the contextual model could be supported through the application 
of social constructivist principles. This paradigm places the ‘student’ at the centre of the learning 
process with an expert providing a series of experiences that allows the student to actively 
engage and test their understanding. As this understanding develops, the expert provides new 
experiences extending the students’ thinking. Within a social constructivist paradigm these 
learning experiences are best situated in a social environment, where the student not only 
engages with the expert but also their peers to support their understanding. In the creating the 
learning experiences the expert needs to consider the students’ learning style and the strategies 
that they may use. 
 
Online technology, in the form of second-generation websites (e.g. Wikis, blogs, discussion 
forums, social networking sites), could have a role in supporting both parties in this model, with 
the facility for direct engagement with each other using a mass medium. For the scientist, it has 
the advantage that they can control the content being reported and not lose the message 
through a series of miscommunications through third parties: for the public, the sites are easily 
accessible and generally free to use.  
 
The project evaluates the potential for a social constructivist paradigm to be blended within a 
contextual model to facilitate greater engagement with climate change science. It also evaluates 
second-generation web technologies, in particular discussion boards and Wikis, as mechanisms 
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for supporting the communication of the climate change science to support greater engagement 
leader to deeper understanding.  
 
5.4.1 Evaluation of the role of the expert and learner during the module  
Within the contextual model and a social constructivist paradigm it is necessary to consider the 
roles of the ‘learner’ and ‘expert’ within the communication process. In 2004, results from the 
participant observations identified that the structure of the module reflected a deficit model with 
the lecturers primarily disseminating information through lecturing. As such, provided an ideal 
context to evaluate the new modes and mechanisms of engagement within a contextual model. 
The level of the expert’s understanding of the discipline is seen as essential during the process 
to be able to guide the learner in understanding the range of knowledge and to create a range 
of experiences that allows them to do so (Vygotsky, 1978, Jarvis, 2002). This is reflected in the 
students’ responses during the study where all three cohorts ranked the role of the lecturer as 
being either the most important or second most important mechanism to support their 
understanding. The importance of the lecturer in the learning process is reinforced with the 
students in 2005/6 noting one of the disadvantages of the eLearning is the unreliability of the 
lecturers. This suggests that the students were reliant on the lecturers support either from face-
to-face contact during lectures or through asynchronous support facilitated by the online 
discussion board.  
 
Following the participant observations of the 2004 cohort it, is seen that the structure of the 
module reflected the deficit model with an emphasis on the dissemination of information from 
expert to learner without an opportunity for the student to reflect and test their understanding. 
Despite this the students did suggest that their understanding had increased at the end of the 
module and that the teaching and learning media had supported them in this process. The 
observations and discussions with the lecturers identified the assessment as being an 
opportunity to integrate social constructivist principles and to apply a more learner-centred 
structure (Rushton, 2005, Rust et al., 2005). The three criteria identified by Sadler (1989) and 
Boud (2000) (section 2.4) were applied to the weekly assessment placing the students at the 
centre of the process, allowing them to apply known standards to their work, test their 
 137 
understanding,  engage with new learning experiences then reapply a new set of standards in a 
cyclical process (Kolb, 1984). This process is facilitated through a second-generation web 
technology, managed learning environment (WebCT).  
 
Although the social constructivist principles were successfully applied within the module, the 
students’ response through the end of module questionnaire identified a range of issues. Both 
the 2005 and 2006 cohorts ranked the process of completing the weekly readings as of high 
value but the role of reflection in the assessment is ranked as low. This is supported by the 
students’ response to being asked for the disadvantages of the eLearning, where the 2005 
identified assessment feedback as being a difficulty. None of the students in 2006 commented 
on the problem of feedback that could reflect the way that the lecturers had changed the 
management of the weekly feedback process as observed through the participant observations.  
 
The results from this study suggest the roles of the expert and learner in a contextual model can 
be facilitated using social constructivist principles and implemented through online web 2.0 
technologies. However, the use and management of feedback to guide the students’ reflection 
during the assessment process needs consideration for it to be effective in developing deeper 
understanding. 
 
5.4.2 The role of online technologies to support students’ learning style  
Through the analysis of the students’ end of module questionnaire, the Memletic learning style 
questionnaire and the Personal Development Planning statement, it is possible to identify a 
range of learning styles and strategies employed by the students. The learning styles identified 
from these data sources were framed by Gardner’s (1983) 7 multiple intelligences. In addition to 
these intelligences the study also considered the idea that learning styles are a contested idea 
and that it is more appropriate to look at the student’s learning strategies (Klein, 1997, 
Reynolds, 1997). These strategies change over time according to experience and social 
contexts and so any communication strategy needs to reflect this.   
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Through using the online technologies during the module it is seen that these methods did not 
facilitate the full range of Gardner’s (1983) learning styles although all but the aural (musical) 
learning style were accommodated during the module using other media. This meant that 
students whose preference is to learn through speaking, listening, pictures or by moving around 
(verbal, aural, visual and physical styles) would have been disadvantaged using the online 
technologies potentially preventing them from understanding the themes during the lectures. 
Any lack of understanding should have been reflected in their journal entries possibly resulting 
in a shallower understanding indicative of a threshold concept.  
 
The averaged results for the students in both years showed that their preferred learning style is 
social 15 and 14 out of 20 for the 2005 and 2006 cohorts respectively (section 5.2). For the 
2005 cohort, the web technologies used would have potentially impacted on their engagement 
as they ranked aural, visual and physical learning styles as second and joint third (13 and 12 
out of 20) forming a strong part of their learning strategy. For the 2006 cohort, their ranking of 
the learning styles shows a more rounded approach with aural and physical being ranked 
second and third (12 and 11 out of 20), whilst visual is rated fifth along with logical learning style 
(10 out of 20).  
 
This strength towards a social learning style is supported by the results from Personal 
Development Planning (PDP) statements (section 5.3). The 2005 students’ preference for 
developing learning strategies that involved social interaction is supported by their comments in 
the making 20 references to interpersonal strategies to support their learning as opposed to 11 
using intrapersonal strategies as illustrated by Ralph and Ian statements: 
 
Ralph: ‘From the exercise, as I felt before, I think I work better with other people, so everyone’s 
personal opinion can be expressed and a better result can be achieved.   Therefore, I shall try 
to talk with fellow students after each lecture about what we have learned.’ 
 
The 2006 cohort showed a converse attitude to their learning style in their PDP statements with 
more references made to learning intrapersonal rather than interpersonal (17 interpersonal: 22 
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intrapersonal) which reflects the 2006 cohort’s preferred learning style results shown in 5.2. Ian 
illustrates an example of the students’ comments referring to intrapersonal learning strategies: 
 
Ian: “I find that I work best alone and aim to complete all work during the week, so that I have 
weekends and some weekends free. I find this enables me to approach any work I have with a 
fresh mind at the beginning or week.” 
 
The learners’ response to the use of eLearning to facilitate the reflective process is mixed. For 
the 2005 cohort this process is problematic, with 40% of the students’ comments about the 
disadvantages of eLearning during the module referring to the way that they received feedback 
from the lecturers, in contrast there were no references made to feedback process when the 
same question is posed to the 2006 cohort. This difference shows the degree to which formative 
feedback supported the students’ understanding is inconclusive. Observational evidence 
suggests that the lecturers reflected on the students’ evaluation of the module in 2005 and 
modified the way that the feedback process is managed for the 2006 cohort; changing the way 
in which the process is introduced to the students and changing the nature and style of the 
feedback to better support understanding. This resulted in the students being better prepared to 
use the comments as part of their reflection and so did not see it as a disadvantage or the 2006, 
as a group, were happier to receive ongoing, generic feedback rather than the traditional final 
summative, personal comments. There is no evidence from the students’ learning style audit to 
suggest why there would be such a marked difference in perceptions of the process. 
 
When the students were asked to rank the learning media they considered to help them most to 
understand the climate change science the 2005 cohort ranked the process of reflection as 8th 
whilst the 2006 cohort ranked it 7th out eleven. It is interesting to note that the students of both 
cohorts rated the lecturer, the PowerPoint presentations and the readings as the top three 
influences. Yet without having the opportunity to reflect on the information, social constructivist 
theory though would suggest that the information would remain unprocessed and so would not 
develop understanding. This would suggest that students perceive the mechanisms of 
engagement as being more influential than the process of engagement.  
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In the study it is seen that the online technology could be implemented in a way that meets 
several of the social constructivist principles and supports a contextual model. However, in this 
study the technology did not accommodate the full range of learning styles identified by the 
students, but this is compensated for through the other learning and teaching media used 
during the module. To evaluate if the MLE and the Wiki could meet the students’ learning 
demands it would be necessary to run the module using just the online technologies in a way 
that facilitated all the multiple intelligences and not to use the other media.  
 
5.4.3 The online technologies as barriers to engagement 
Within the study, two mechanisms of online engagement were used to facilitate the 
communication process, a Wiki website and a managed learning environment (MLE). Both tools 
conform to the contextual model where the ‘experts’ (lecturers) were able to engage in a 
dialogue with learners (students) within a socially relevant topic to form scientific communities 
(Gross, 1994; Miller, 2001; Burns et al., 2003; Sturgis and Allum, 2004; Kim, 2007). However, 
the technologies differed in how the students could use the tools to develop understanding; the 
Wiki website encouraged a socially-driven interaction between the peers whilst the MLE 
encouraged the students to develop understanding just using feedback from the lecturer without 
peer support. 
 
The students found that both of the Internet technologies used within the study had positive and 
negative effects on their engagement (section 5.1), with time management and the way that 
impacted on the communication with lecturers as the most frequently cited advantages and 
disadvantages respectively. With regard to enhanced time management, both cohorts stated 
that the technology facilitated greater flexibility in being able to decide when and where to 
engage with the learning process as illustrated by these student comments: 
 
Bill: ‘Spread a lot of learning and work over a greater period of time.’ 
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Linda: ‘Easy access was really beneficial as it could easily be accessed from home. The lecture 
slides helped out and having course guide online was more convenient than having a paper 
copy.’ 
 
Also of benefit is the role of support that the technology provided. For both cohorts, having 
greater peer support is important and for the 2006 cohort having greater access to tutor support 
outside of the lecture is also an advantage, as illustrated by Bernard: 
 
Bernard: ‘A great way to get other people’s opinions on earth processes and change and make 
you question your and gain a deeper understanding of your own opinions and work at making 
your arguments stronger. Also good as work is criticised and it makes you want to improve on 
it.’ 
 
This is in spite of the 2006 cohort stating that the reliability of the lecturers is a disadvantage of 
the process. This attitude towards the social advantages of the technology reflects both of the 
cohorts’ preference for social learning style (section 5.2). Although the concept of learning 
styles is contentious (section 3.3) the results of the students preferring a social learning 
environment with their preferred learning style being ‘social’ suggests that there is some validity 
to the theory. The technology used in the module could therefore be seen as facilitating the 
social environment necessary to encourage engagement. 
 
In 2006, 29% of the cohort referred to the reliability technology as being a disadvantage which, 
although not representative of the majority of the group is the most referred to disadvantages, 
as illustrated by Louisa and Kenneth: 
 
Louisa: ‘Was easy to lose work you had typed on WebCT, one wrong mouse click and it was 
gone!’ 
Kenneth: ‘There were some technical problems sometimes trying to add info to the Wiki’ 
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5.4.4 The role of web 2.0 technologies in relation to other mechanisms of engagement 
When the students were asked to reflect on the learning process at the end of module, the two 
cohorts both rated the role of lecturer as having the greatest impact with the Internet elements 
(MLE and Wiki) ranked relatively low. This ranking though masks the role of the lecturer in that 
they would be involved in both the lecture environment and the online environments, so it is 
difficult to ascertain whether the students had made that distinction. The students did comment 
specifically on the role of the lecturer in relation to the web technologies as being both a positive 
and negative feature.  However, there is no consensus between the two groups as to what the 
advantages and disadvantages were as seen in tables 5.2 and 5.3. 
 
As discussed in section 2.1, it is necessary to consider the position of both the learner and the 
expert within the contextual model in order to facilitate effective engagement. The data from the 
project identifies the perceptions of the learner but not of the expert, in this case, the lecturer. 
Informal meetings with the lecturers at the time were conducted with notes recorded as part of 
the participation observations during the lectures but there were no formal interviews conducted 
that could be used as data to evaluate the perceptions of the lecturer. The demand for the 
discipline to communicate its research to the wider public (O'Riordan, 1994, Leshner, 2007, 
Wagner, 2007) reflects the needs of the pubic and not necessarily the position of the lecturer 
and it is this assumption that led to the omission of the lecturers’ perceptions of the strategy. 
However, if a strategy is to be successful it needs to meet the needs all members of the 
community otherwise it will not be adopted. This lack of data in the evaluation process would be 
a necessary in the next phase of the project. 
 
The results of the discussions with the lecturers are reflected in the development and the 
embedding of the technologies within the structure of the module. It is also reflected in the on-
going changes to the module that occurred for both cohorts. Although this might suggest that 
the changes could affect the results, it would have been unethical not to make changes as the 
module formed part of the students university degree programme. 
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5.4.5 Discussion summary 
The Internet has already been seen as a medium of mass communication that the public use to 
access scientific information (National Science Board, 2008), however, the first generation of 
websites are static mechanisms of dissemination with the learner a passive recipient of 
knowledge. Second-generation web sites are able to facilitate a dialogue between the expert 
and learner that encourages active engagement and an opportunity to influence understanding 
in both directions. This latter mechanism reflects the contextual model and supports the 
demands of a scientific community wishing to engage the public with climate change science 
and for the public to engage with socially situated research that can inform life choices. 
 
The results from the data thus far are inconclusive with regard to the extent to which second-
generation websites support engagement with climate change science. The technology 
provided the students with the opportunity for greater engagement with the science by providing 
greater convenience and access when they wanted to learn. This is tempered by limitations with 
the process in particular the reliability of the technology and the staff’s ability to communicate 
effectively through it. 
 
The results show that the social nature of the learning process facilitated by the technologies 
supported the students’ engagement by meeting their own learning strategies. This is 
particularly noticeable with the Wiki website and the discussion areas of the managed learning 
environment. Where the students were asked to engage with the learning in a solitary 
environment (online reflective journal), their engagement could have been impaired. The 
students also identified that they had a strong preference for aural and physical learning that is 
not facilitated through the online technologies, however, this could well have affected their 
understanding rather than their ability to engage with the science. 
 
5.5 Chapter summary 
For a strategy to successfully engage people in understanding climate science the role and 
relationship of the expert and learner needs to be clear and well understood. It is also 
suggested that there could be barriers to learning that could prevent people from developing a 
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deeper understanding of the concepts. This chapter has explored the students’ engagement 
with the learning process and identified strategies that they use to support their understanding.  
 
The ‘Memletic’ learning style questionnaire established the students’ learning profile and 
demonstrated that no two students have identical preferences in how they learn. When the 
results are averaged, it can be seen that both cohorts have a preference for social learning 
situations and form strategies to support their learning that involve other people. However, this 
does not suggest that if the engagement process is not focussed on an interpersonal approach 
the students are not able to understand the concepts. As the ‘Memletic’ questionnaire 
illustrates, the students are able to learn in a variety of styles but they do have particular 
preferences. This is seen in the analysis of the end of module questionnaire where they were 
asked what supported their learning the most during the module. This dominant factor is the role 
of the lecturers but high in the ranking were the journal readings and PowerPoint presentations. 
These represent a contrast in the preference for inter/intrapersonal learning but also a contrast 
in the learning style each one communicates in: lecturers (aural); journal readings (solitary); 
PowerPoint presentations (visual).  
 
Against the other resources, the students rate the role of eLearning relatively low yet when 
asked specifically the students rated the managed learning environment and the Wiki as having 
a significant impact on their understanding. When the students were asked specifically about 
the role that eLearning played in supporting their understanding the students did rate the 
technologies as having an impact. Primarily, this is with regard to affecting their time 
management but also having contact with their peers is cited as an advantage. The students 
also noted that the social function of eLearning impacted on their understanding by causing 
them to reflect on how they communicated their awareness of the concepts and their relation to 
the wider context of climate change science.  
 
The final part of the triangulation process is the completion by the students of the personal 
development planning statement. The free-coding analysis demonstrated that the students were 
motivated to develop their understanding of climate change science for both inter and 
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intrapersonal reasons. Primarily though, the engagement is for personal gain. They also 
confirmed that they used a range of learning strategies to support their understanding during the 
module.  
 
Overall, the chapter has shown that the students use a variety of learning styles and strategies 
during the course of a module to support their understanding. It is not established though, which 
strategies are used at which point and whether these are used to understand specific concepts. 
The eLearning, despite the disadvantages stated would not therefore have been a barrier to 
their understanding but provide facilities that conventional information media could not.  
 
It appears from these results that the students are engaged with the learning process that has 
the potential to allow them to develop a deeper understanding of the climate change science. 
This suggests that for the public the same approach could be applied with the same success as 
for the students. However, it could be argued that the students had to engage with the science 
during the module as it formed part of their degree programme but for the public there is no 
imperative for them to have the same level of motivation and so this strategy may not be 
appropriate. It is seen in this section though that the students are motivated to engage with the 
science beyond the desire to achieve a degree but that it forms part of a wider need to improve 
their knowledge of the subject or to allow them greater opportunities in the future. Motivations 
that would reflect the public’s need to also engage with the science. This idea though needs 
further evaluation. 
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Chapter 6 
Students’ understanding of climate change science as an indicator of 
threshold concepts 
 
It is suggested that the public may find certain ideas and concepts difficult to understand 
preventing them from being able to fully engage in the climate change debate, and can 
therefore be termed ‘threshold concepts’ (Meyer and Land, 2003) (section 2.7). As discussed in 
sections 1.1 and 2.7, this thesis for the first time evaluates the extent of these threshold 
concepts within a climate change science context as identified from the learners’ perspective. 
The identification of these concepts could contribute to developing an overall communication 
strategy to support public engagement with the science by informing the expert that they need 
to provide greater support with certain ideas to guide them through the liminal stage that leads 
to deeper understanding (Cousin, 2006).  
 
Chapter 6 identifies the potential for mechanisms and modes of engagement to support the 
students’ ability to engage with the climate change science and if the engagement strategy itself 
can act as barriers to learning. Within the more specific context of this project, it is seen that 
student use a range of learning strategies based on their preferred learning styles to support 
their engagement and understanding during the module. Social interaction with peers and the 
tutors (experts) is viewed as an important part of the learning process, along with the use of 
specific learning materials such as PowerPoint presentations and academic journal articles. The 
introduction of eLearning online technologies continued to support the students’ engagement 
during the module and demonstrated that although there were technical difficulties it did not act 
as a significant barrier to engagement. 
 
To be able to evaluate the role of online technologies as part of a contextual model of 
communication the project intended to sample data from three consecutive student cohorts. To 
ensure that there is fair testing used during the project it is anticipated that the content of the 
module remained constant as well as the other teaching and learning mechanisms. However, at 
the end of phase 1 in the project (post 2005 cohort) there were changes in the structure and the 
content of the module; in particular the glacial specialist changed and the structure of the Wiki 
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website changed.  Of these two changes possibly the most influential change is with the 
specialist lecturer that resulted in a less experienced lecturer delivering the part of the module 
that focussed on the role of glacial systems on climate and environmental systems in the 
second phase of the study (2006 cohort). The content that is delivered is effectively the same 
but participant observation records note that the style and delivery changed reflecting the new 
lecturers experience. As seen in section 6.2.3(c) the student engagement and depth of 
understanding is different between phases 1 and 2 of the study, with the 2005 cohort choosing 
to engage with the themes and ideas presented in those lecturers more than the 2006 cohort. 
  
This chapter evaluates the depth and development of students’ understanding of the climate 
change science during the 2nd year Environmental Processes Change and to determine the 
themes and knowledge the students identify as important and whether these could be classified 
as threshold concepts. This can then be extrapolated out to allow climate change scientists to 
consider how the wider public might also experience knowledge that may become barriers to 
their development of a deeper understanding of the climate change debate.  
 
6.1 SOLO taxonomy analysis of students’ weekly reflective journal 
As discussed in section 3.4 part of the module assessment required the students to complete a 
weekly journal to reflect on the key themes and issues from the lectures, recommended reading 
and a jointly constructed Wiki. The weekly journal also provided a data source that may identify 
students’ level of understanding of the different themes. 
 
The analysis of the reflective journals is in two stages (section 3.10): firstly, the weekly journal 
entries were coded to identify the themes that the students recognised within the module. 
Secondly, the Biggs and Collis (1982) SOLO taxonomy is applied to the coded themed 
statements to ascribe to a depth of understanding (section 3.9). The SOLO taxonomy 
determines the level of understanding according to the learner’s ability to synthesise and apply 
information: the greater the ability to synthesise and apply learnt information to new situations 
the greater the depth of understanding. This coding of different levels of understanding within a 
climate change science context is illustrated in table 6.1. 
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SOLO 
Taxonomy 
Level 
Taxonomy definition Exemplar extract from reflective journal 
 
Stage 1 Students acquire unconnected 
information that has no 
organisation. 
 
“Iceberg discharges trigger a climate response of 
global extent.” 
Stage 2 Students make simple and obvious 
connections but their significance 
is not grasped. 
“The Heinrich and Dansgaard-Oescher events can 
not be restricted to the North Atlantic as there has 
been evidence or climate change in the Sulu Sea, 
British Columbia and Africa.” 
 
Stage 3 Students make a number of 
connections but the meta-
connections between them are 
missed, as is their significance for 
the whole. 
“The circuit is not a 2D model but a 3D one. This is 
so because heat and salt travel differently. The 
upper layers (Top several hundred meters) of the 
ocean are wind driven by such occurrences as the 
Gulf Stream and the circumpolar current. The 
thermohaline circuit could not be driven by 
convection alone.” 
 
Stage 4 Students are able to appreciate 
the significance of the parts in 
relation to the whole. 
“It can be seen that there is much controversy to 
the cause of Heinrich events and DO events with 
many explanations, however the paper does 
conclude by explaining that Heinrich events and DO 
events have quite different spatial patterns, 
although freshwater inputs can trigger major 
reorganisations of the climate system.” 
 
Stage 5 Students are making connections, 
not only within the given subject 
area, but also beyond it. They are 
able to generalise and transfer the 
principles and ideas underlying the 
specific instance. 
“Read the comments posted in the Wiki and wrote 
an addendum to one paragraph about the paper by 
Clark and Mix, commenting on the controversy of 
Yokoyama’s research, as his results are useful but 
flawed as they do not outline how ice was 
distributed among individual ice sheets. I thought 
this comment was relevant as there is usually more 
than one point of view in attempting to describe and 
define a process, in this case the definition of ice 
reaching a dynamic equilibrium for 3000 years.” 
 
Table 6.1 Extracts from the students’ journals illustrating how the SOLO Taxonomy is applied to identify 
depth of understanding. The extracts were taken from different students’ journals but they all relate to a 
similar topic on iceberg discharge into the ocean system. 
 
The SOLO taxonomy states that a simple, unconnected statement be placed at Stage 1, with 
stages 2 and 3 showing an increasing degree of synthesis of concepts and ideas. At stage 4, 
the learner demonstrates an ability to apply a synthesised understanding to a ‘whole’ and then 
at stage 5 they are able to apply this interconnectedness to a new situation outside of the 
original context. This degree of synthesis and application in a climate change science context is 
illustrated table 6.1.  
 
The key area within threshold concepts is the liminal phase (section 2.7) where the learner goes 
beyond making simple statements to being able to synthesise ideas and themes, a move from 
 149 
shallow to deep understanding. In relation to the SOLO taxonomy, the liminal phase exists 
between stages 3 and 4. This section of the thesis evaluates the liminal phase of the students’ 
understanding in relation to the key themes they identified during the module. It has been 
suggested that a theme can be classified as being a threshold concept when a student’s 
understanding is not classified above stage 3 (section 3.9). This analysis aggregates the 
students’ level of understanding to evaluate if any of these threshold concepts could be 
considered troublesome to the majority of the student population.  If common threshold 
concepts can be identified then climate change scientists could factor this into their 
communication strategies by anticipating that, if they were going to include these concepts, they 
might need to provide the individual with a greater level of support is suggested in section 2.7.  
 
Because the module’s academic content remained relatively consistent during the course of the 
project it is possible to aggregate the two cohorts’ journal entries into one dataset to initially 
determine the range of themes within climate change science the students identified. However, 
to subsequently evaluate if there were differences in the depth of understanding between the 
two cohorts, the journal entries have been disaggregated back to separate cohort datasets. The 
data from the Wikis were treated in the same way.  
 
6.1.1 Structure of climate change science themes 
The free-coding analysis of the students’ weekly reflective journals permits a structure of the 
themes the students referred to (figure 6.1). 
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Figure 6.1 Framework showing the structure of the themes engaged with by the students over the two 
years. The themes are broken down into component concepts until any meaningful patterns in the data 
are lost, i.e. where the next ‘level’ concept is referred to by a limited number of students.  
 
Figure 6.1 shows a structure of the themes that were identified from the students’ weekly 
journals. The themes were broken down into component concepts until any meaningful patterns 
in the data were lost, i.e. where the next ‘level’ concept is referred to by a limited number of 
students. Table 6.2 describes the labels given to these themes. 
 
The process of coding themes to the point where broad patterns of understanding could be 
identified made it possible to establish if there are common concepts between the students that 
proved troublesome and therefore could be identified as threshold concepts.
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Concept Description 
Physical systems 
 
Processes and interactions specifically identified 
with land and marine environments 
General systems 
 
The general themes about systems theory in 
terms of inputs, outputs, equilibrium etc.  
Climate systems 
 
Processes and interactions specifically identified 
with the climate 
Human systems 
 
Processes and interactions specifically identified 
with human actions 
Arid zone landform processes 
 
Environmental processes associated with arid 
zones 
Weathering  
 
Identified as a specific landform process within 
arid zones 
Glacial landform process 
 
Environmental processes associated with glacial 
and post glacial regions 
Ocean circulation 
 
The role of ocean circuits within climate change   
Forcing factors 
 
Processes that alter the energy balance of the 
climate system, i.e. changes the relative balance 
between incoming solar radiation and outgoing 
infrared radiation from Earth. 
Feedback mechanisms 
 
Feedback mechanisms operate within the climate 
system and can either amplify or reduce the 
impact of some forcing factor. 
Proxy indicators 
 
A local record that is interpreted using physical or 
biophysical principles to represent some 
combination of climate-related variations back in 
time 
Landuse management 
 
The environmental determination of human land 
management practices 
Social development 
 
The environmental determinism of human origins 
and their changing societies. 
Table 6.2 Summary of the themes identified from the students’ weekly reflective journals. 
 
Once the weekly journal had been coded to identify the different themes, the SOLO taxonomy is 
applied to establish the depth of understanding of the passages relating to each of the themes 
represented. The breakdown of the number of passages for each stage can be seen in table 
6.3. 
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Taxonomy stage 2005 2006 
1 and 2 1123 63% 882 70% 
3 608 34% 231 18% 
4 52 3% 126 10% 
5 0 0% 21 2% 
Total references 1783 100% 1260 100% 
 
Table 6.3 Breakdown of the number and percentage of coded passages from the students’ weekly 
journals according to the SOLO taxonomy level. The majority of the passages were classified as being 
at stage 1 and 2 (ie, simple, unconnected statements). There were no passages in 2005 that articulated 
understanding at stage 5. A students’ journal entry may contain a number of passages on a single 
theme but refer to it in a variety of ways and contexts. It is conceivable that all of those references were 
placed at the same stage causing a skew in the dataset. 
 
It can be seen in table 6.3 that the majority of the passages from the journals were classified as 
being at stage 1 and 2 (i.e., simple, unconnected statements). There were no passages in 2005 
that articulated understanding at stage 5, with only 2% of the passages classified at stage 5 in 
2006. A students’ journal entry may contain a number of passages on a single theme but refer 
to it in a variety of ways and contexts. It is conceivable that all of those references were placed 
at the same stage causing a skew in the dataset.  
 
By adopting a free-coding analysis of the students’ weekly journals a series of themes are 
identified that the students’ perceive as key within the topics of the module. The application of 
the Biggs and Collis (1982) SOLO taxonomy shows the depth of understanding of these themes 
and in particular the point at which the students move from shallow to deep understanding, by 
moving from stage 3 to 4. The next section evaluates the data to illustrate how the themes 
relate to this transitional, liminal phase. 
 
6.2 Evaluation of threshold concepts in climate change science 
Data descriptions in this section focuses on the students’ statements that reflect stages 3 and 4 
of the SOLO taxonomy that represents the transition from shallow to deep understanding. It is a 
student’s inability to develop their understanding of a concept from stage three that Meyer and 
Land (2003) suggests marks knowledge as troublesome and therefore a threshold concept. As 
can be seen in figure 6.2, the difference between the two stages is in how the student is able to 
synthesise ideas and relate them to each other. 
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Stage 3 Multi-structural Students make a number of 
connections but the meta-
connections between them are 
missed, as is their significance 
for the whole. 
 
Stage 4 Relational Students are able to appreciate 
the significance of the parts in 
relation to the whole. 
 
Figure 6.2 Graphical model of the Biggs and Collis (1982) SOLO taxonomy highlighting the difference 
between the stages 3 and 4 that represent the liminal stage of the learning process when moving from 
shallow to deep understanding (Atherton, 2005). 
 
In the graphs and tables in this chapter, the level given to the students understanding 
represents the maximum level they achieved at any point in the module. So if a student made a 
number of references to a concept and the highest level of understanding they achieved is a 
stage 3 in the taxonomy, then they were recorded as having reached that level regardless of the 
level of the other statements. If the student has written a statement that represents a level 4 
then again they are recorded as being at that level and their lower level statements ignored. 
This follows the social constructivist perspective (section 2.3) that suggests that an individual 
scaffolds understanding, building on previously learnt knowledge. Therefore, once an 
idea/concept is understood it is always understood at that level and then built upon and 
developed as new experiences allows them to test new ways of applying the knowledge 
(Vygotsky, 1978). 
 
6.2.1 General systems theory 
Description of theme: The relationship within a system to the inputs, outputs, processes that lead to a state 
of equilibrium.  
 
Table 6.4 shows the comparison of two statements at stage 3 and 4 relating to the theme of 
general systems. This theme underpins the module and is introduced as a separate lecture in 
its own right in week 1 of the course.  
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Stage 3 James: “It is often difficult to decide whether a system is dynamic or steady state. For 
example a stream channel gradient at a point. Only when we look at evidence over 
thousands of years can we detect evidence of fluctuations.” 
 
Stage 4 George: “The main point to extract from this paper is that systems change through time, 
leading to difficulties in defining the state of equilibrium in action. It is important to realise 
that the equilibrium of systems in action today are related to but changed from systems 
acting before. However there is nothing to say they will not return to the previous state, 
by feedback loops.” 
 
Table 6.4 Comparison of stage 3 and 4 statements relating to the theme of general systems. 
 
In this example, it can be seen that the stage 3 statement James attempts to describe the 
problem of determining the state of a system due to the necessity of an extended time frame. 
George’s statement can be classified as being at stage 4 as he goes from simply identifying 
evidence of the state of a system to specifically address how the current equilibrium is situated 
within the context of former states through the specific process of feedback loops. Figure 6.3 
shows a comparison of the students’ understanding of the role of systems theory during the 
module. 
 
 
 
Figure 6.3 Comparison of the students’ level of understanding of general systems during the module. It 
can be seen that there is a greater percentage of students in 2005 achieving a level 3 but they appear to 
have a greater difficulty in communicating their understanding in relation to the whole theme with only 
20% of the students who referred to it achieving a level 4. The 2006 cohort, although fewer in number, 
had a proportionally higher percentage able to link their ideas in a way appropriate for a level 4 (41%).  
 
There is a greater percentage of students in 2005 achieving a level 3 but they appear to have a 
greater difficulty in communicating their understanding as a synthesised whole with only 20% of 
the students who referred to it achieving a level 4. The 2006 cohort, although fewer students in 
number made reference to this theme, had a proportionally higher percentage able to link their 
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ideas in a way appropriate for a level 4 (41%). This suggests that within the context of the 
module, the 2005 students encountered a barrier to understanding the theme of general 
systems and so, for them it would be considered a threshold concept. Within the 2006 cohort, 
for those who referred to this theme, their understanding developed to a deeper level passing 
through the liminal stage.  
 
6.2.2 Climate systems 
The students, over the course of module, referred to the role that climate systems had in 
relation to environmental processes and change. The references in the journals were grouped, 
during the coding process, according to the following themes:  
• forcing factors 
• feedback mechanisms 
• proxy climate indicators.  
 
Indicative statements of stages 3 and 4 are described below as well as the percentage number 
of students who achieved each of the levels. 
 
(a) Forcing factors 
Description of theme: Processes that alter the energy balance of the climate system, i.e. changes the 
relative balance between incoming solar radiation and outgoing infrared radiation from Earth. 
 
Table 6.5 illustrates the students’ understanding of the theme of forcing factors and their role in 
the overall climate system. The two cohorts referred to a range of forcing factors including 
Milankovitch cycles and sub-Milankovitch factors (e.g. solar activity, volcanic eruptions and 
orogenesis) reflecting the breadth of factors covered during the module. The example in table 
6.5 focuses on the role of the Tibetan Plateau in perturbing the climate system. 
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Stage 3 Phil: “The Tibetan plateau hypothesis is discussed in considerable detail and thought to be 
an influential factor in climate change. Changes that are thought to be responsible are 
increased rainfall in the Himalayas, deflections of atmospheric jet stream, more intense 
monsoonal circulation and greater rates of chemical weathering.” 
 
Stage 4 Mary: “This paper is highly relevant to the theme of the earth being made up of a series of 
large-scale systems and that there is interdependence amongst all of them as there is 
evidence that the Tibetan Plateau is influencing the global climate.” 
 
Table 6.5 Comparison of stage 3 and 4 statements relating to the theme of forcing factors. 
 
In this illustration of the Tibetan Plateau as a factor affecting the climate system the stage 3 
statement simply lists the effects that the development of the plateau has had without linking 
them. The stage 4 statement develops this cause-and-effect process by placing the role of the 
Tibetan Plateau in perturbing the climate system within the overall theme of systems theory as 
an interdependent part of an overall process. Figure 6.4 shows a comparison of the students’ 
understanding of forcing factors in climate change science during the module. 
 
 
 
Figure 6.4 Comparison of the students’ understanding of forcing factors in climate change science 
during the module. The theme is referred to by a large proportion of both student cohorts, however, as is 
seen in figure 6.3, there were fewer students able to reach level 4 in 2005 compared to 2006, with only 
11% compared to 74% showing a deep understanding of the theme.  
 
As can be seen in figure 6.4 the theme of forcing factors is referred to by a large proportion of 
both of the cohorts, however, there were fewer students reaching level 4 in 2005 compared to 
2006, with 11% compared to 74% showing a deep understanding of the theme.  
 
 
 157 
 
(b) Feedback mechanisms 
Description of theme: Feedback mechanisms operate within the climate system and can either amplify or 
reduce the impact of some forcing factor. 
 
Within their understanding of the climate system, the students’ referred to the role that feedback 
mechanisms played in regulating the climate system. Table 6.6 illustrates the two levels of the 
students’ understanding of feedback mechanisms as having either a positive or negative effect 
on the climate system. 
 
Stage 3 Colin: “Climatic cooling has been the predominant process over the past million years and 
that the role of negative feedbacks has become ever more important within that timescale.” 
 
Stage 4 Ken: “The results of the study suggests that climatic change can trigger eruptions hence 
there is positive feedback, as short-term volcanic winters are caused by dust and aerosols 
being released from volcanic eruptions like Toba resulting in cooling at critical times during 
the transition. Negative feedback may also occur if the eruption occurs at the time of glacial 
termination contributing to cooling and glacial re-advance.” 
Table 6.6 Comparison of stage 3 and 4 statements relating to the theme of feedback mechanisms. 
 
Colin’s statement can be classified as being at stage 3 as he makes a simple acknowledgment 
that negative feedback processes are important in a particular time frame and in that time frame 
the climate has been cooling. He does not make a clear link between the climate cooling and 
the impact of negative feedback mechanisms on the cooling. Ken’s statement can be classified 
as being at stage 4 as he is able to clearly synthesise different aspects of feedback 
mechanisms and show their interaction. This begins with the recognition of the initial change in 
state caused by a specific factor and then describes the consequences of this change in relation 
to a time-scale. The inter-relationship of the different factors are all set within an appropriate 
specific case study that is used in the journal paper the student is reflecting on. Figure 6.5 
shows a comparison of the students’ understanding of feedback mechanisms during the 
module. 
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Figure 6.5 Comparison of the students’ understanding of feedback mechanisms during the module. As 
with figure 6.3, there is a large difference between the numbers of students from each cohort who 
referred to this theme. However, proportionally, they were more students in 2006 that showed a deeper 
understanding than in 2005.  
 
In figure 6.5 it can be seen that similar to figure 6.3, there is a large difference between the 
numbers of students from each cohort who referred to this theme. However, proportionally, they 
were more students in 2006 that showed a deeper understanding than in 2005.  
 
(c) Proxy indicators 
Description of theme: A local record that is interpreted using physical or biophysical principles to represent 
some combination of climate-related variations back in time. 
 
The third theme that is grouped under the general heading of climate systems is the role of 
proxy indicators to identify past climate change. The theme reflects the students’ reference to a 
range of proxy indicators; however, there were no specific proxy indicators that occurred more 
in either stages 3 or 4. Table 6.7 illustrates examples of the students’ understanding coded at 
the two levels under scrutiny.  
 
Stage 3 Mary: “The paper highlights the importance of marine, ice and terrestrial records when 
investigating past climate changes as the data in the paper is derived from a combination of 
using these records.” 
 
Stage 4 Crispin: “Challenges the validity of the last 10,000 years and how effective the ice-cores 
are at predicting how the climate was in this time period as the records don't show much 
evidence in the activity however it is combined with other factors such as deep sea ocean 
core to validate that there was change in the climate.” 
 
Table 6.7 Comparison of stage 3 and 4 statements relating to the theme of proxy indicators. 
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The two statements represent the difference in levels of understanding between stages 3 and 4 
according to the SOLO taxonomy. Both of the statements refer to the range of proxy indicators 
available to climate change scientists; however, Crispin’s statement refers to specific proxy 
indicators and the way that they need to be combined in order to corroborate the results. In this 
instance he identifies the need to use a combination of ice core records and deep-sea ocean 
cores. Crispin also situates the proxy record analysis within a specific time frame of identifying 
climate change during the Holocene. Figure 6.6 shows a comparison of the students’ 
understanding of proxy indicators during the module. 
 
 
 
Figure 6.6 Comparison of the students’ understanding of proxy indicators during the module. Unlike the 
previous themes, there were a similar number of students from each cohort that referred to this theme 
in their journals. As with previous themes, the 2005 cohort were able to demonstrate a stage 3 degree 
of understanding but had difficulty in communicating at level 4. The 2006 cohort had a similar number 
of students whose understanding reflected both levels.  
 
It can be seen in figure 6.6 that unlike the previous themes, there were a similar number of 
students from each cohort that referred to this theme in their journals. As with previous themes, 
the 2005 cohort were able to demonstrate a stage 3 degree of understanding but had difficulty 
in communicating at level 4. The 2006 cohort had a similar number of students whose 
understanding reflected both levels.  
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6.2.3 Physical systems 
The module used two case studies to illustrate the reciprocal relationship between climate and 
physical systems. These case studies focused on two contrasting environments, arid and glacial 
respectively. The journal papers in the reading lists for both cohorts covered a range of themes 
that would be associated with these areas and as such the range of themes referred to by the 
students is equally broad. As such, the references have been grouped together under two 
general headings of arid zone landform processes and glacial landform processes. The only 
theme that had sufficient references individually made to it is weathering (within arid zones) and 
this has been included as a separate theme.  
 
(a) Arid zone landform processes 
Description of theme: Environmental processes associated with arid zones 
 
The lecturers used arid environments as a context to illustrate the inter-relationship between 
landform processes and climate. In response to the lectures and the breadth of articles in the 
reading list the students referred to a range of processes including slope dynamics, dune 
formation and sediment transport. Table 6.8 illustrates the two SOLO taxonomy stages of 
understanding, in this instance the students are both referring to dune formation as a specific 
arid landform process.  
 
Stage 3 Mike: “The sand for the dune formation is supplied by alluvial materials. Linking dune 
formation to the processes of erosion. The availability of this sediment determines dune 
size and timescale development.” 
 
Stage 4 India: “The article shows how sand dunes form depending on a variation of physical 
factors, and the longer the time scale the more complex the sand dunes. Also depending 
on the environment depends on the evolution of the dynamic landforms, coastal sand 
dunes will be subject to a harsher environment than dunes that are situated in sheltered 
regions.” 
 
Table 6.8 Comparison of stage 3 and 4 statements relating to the theme of arid landform processes. 
 
Both students have reflected on the nature of dune formation in arid zones with India’s 
statement showing a deeper level of understanding than Mike’s. Mike’s statement is a series of 
statements that he has not linked together into a cohesive structure whereas India has included 
greater detail about the relationship between landform, physical environment and climate in the 
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process of dune formation. Figure 6.7 shows a comparison of the students’ understanding of 
arid zone landform processes during the module. 
 
Figure 6.7 Comparison of the students’ understanding of arid zone landform processes during the 
module. Both cohorts have a similar percentage of students whose understanding is at level 3 or 4. As 
with the theme of feedback mechanisms, neither cohort demonstrates a percentage of students 
achieving level 4 higher than those achieving level 3. 
 
 
It can be seen in figure 6.7 that both cohorts have a similar percentage of students whose 
understanding is at level 3 or 4. As with the theme of feedback mechanisms, neither cohort 
demonstrates a percentage of students achieving level 4 higher than those achieving level 3. As 
mentioned earlier, this theme comprised of a range of other processes but the degree to which 
the students might have found each of the component processes problematic is not determined.  
 
(b) Weathering 
Description of theme: Identified as a specific landform process within arid environment. 
 
Of the range of processes included in the arid zone landform process above, the only theme 
with sufficient referencing to include as a separate theme is that of weathering. Table 6.9 
illustrates the comparison in level of understanding for weathering as a specific landform 
process in an arid zone.  
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Stage 3 Andy: “There is no consensus about the growth mechanism of tafoni, and a lack of models. 
The paper explains a qualitative model to simulate the evolution of a rock surface by salt 
weathering during a: sequence of wetting/ drying cycles.” 
 
Stage 4 India: “Although the development of tafoni is not directly linked to climate change (i.e. it 
does not affect the environment), the wetting and drying cycle does depend on the amount 
of precipitation. Therefore in an arid environment the presence of precipitation is sparse 
and minimal salt weathering occurs, also evaporation rate will be high due to the temperate 
climate resulting in smoothing of the rocks surface.” 
 
Table 6.9 Comparison of stage 3 and 4 statements relating to the theme of weathering. 
 
The students in the example both identify the formation of tafoni through weathering however, 
there is an obvious difference in depth between the two entries. Both of the entries refer to the 
processes involved (salt weathering through wetting/drying cycles), however, the statement by 
India links the ideas in a more cogent form relating the process in detail, directly to the changing 
climatic conditions. Figure 6.8 shows a comparison of the students’ understanding of 
weathering processed as a specific landform process during the module. 
 
 
 
Figure 6.8 Comparison of the students’ understanding of weathering as a specific landform process 
during the module. This theme does not follow the pattern for the other arid zone landform processes 
where both of the cohorts’ statements tended to be level 3. For this theme, the 2006 cohort showed a 
deeper understanding than the 2005 group that again appeared to find the theme difficult to develop a 
deep understanding of. However, the 63% of the 2006 cohorts’ statements were either level 1 or 2 but 
this has not been graphically illustrated here.  
 
It can be seen in figure 6.8 that this theme does not follow the pattern for the other arid zone 
landform processes where both of the cohorts’ statements tended to be level 3. For this theme, 
the 2006 cohort showed a deeper understanding than the 2005 group that again appeared to 
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find the theme difficult to develop a deep understanding of. However, the 63% of the 2006 
cohorts’ statements were either level 1 or 2 but this has not been graphically illustrated here.  
 
(c) Glacial processes 
Description of theme: Environmental processes associated with glacial and post-glacial regions 
 
As mentioned earlier, glacial environments were used as a context with which to illustrate the 
inter-relationship between physical and climate systems. However, in 2006 the specialist 
lecturer in glacial environments changed and is replaced by a less experienced member of staff 
and as a result the style and delivery of the lectures changed to reflect the experience of the 
new lecturer. The content of the 2006 lecture though did not alter significantly. This is reflected 
in the level of understanding for the two cohorts where the 2006 statements did not exceed level 
2 whereas the 2005 cohort did achieve level 4. Table 6.10 shows an example of the students’ 
understanding of the theme of glacial landform processes and were both taken from the 2005 
students’ journals. 
 
Stage 3 Andy: “Net budget is the difference between accumulation and ablation. It is a vital link 
between the climatic environment and the dynamic adjustment of a glacier to that 
environment.” 
 
Stage 4 Rob: “Although glaciers were mentioned in this paper glacial sediments were not, but 
glacial accumulation and ablation points on either side of the glaciers equilibrium could be 
effected by the glacial sedimentation causing more or less ablation therefore changing the 
equilibrium point, which can pose as a link between glacial sedimentation and glacial 
system equilibrium.” 
 
Table 6.10 Comparison of stage 3 and 4 statements relating to the theme of glacial processes. Both 
statements were taken from the 2005 journals as in 2006 the specialist lecturer in glacial environments 
changed and is replaced by a less experienced lecturer and the focus of the second case study 
changed to reflect this change is personnel.  
 
Andy makes a simple connection between glacial dynamics and the climate without providing 
any detail about how this interaction takes place. Rob attempts to extend this connection by 
trying to find gaps in the research that he feels could also impact on glacial dynamics within the 
area of ablation and accumulation being the result of climatic conditions. Figure 6.9 shows a 
comparison of the students’ understanding of glacial landform processes during the module. 
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Figure 6.9 Comparison of the students’ understanding of glacial processes during the module. Because 
the specialist lecturer in glacial processes in the 2006 module is less experienced than the lecturer in 
2005 the number of students in that cohort able to achieve deep understanding of glacial landform 
processes is restricted. In 2005, the students despite having access to an experienced specialist 
lecturer were still unable to demonstrate a deep understanding of the theme, with only 13% writing 
statements coded at level 4.  
 
It can be seen in figure 6.9 that there is difference in the levels of engagement between the two 
cohorts possibly as a result of the change in experience of the lecturing staff delivering that 
element of the module. Not only is the level of engagement affected but also the depth of 
understanding could have been impacted upon. However in 2005, the students, despite having 
access to a specialist lecturer, were still unable to demonstrate a deep understanding of the 
theme, with only 13% writing statements coded at level 4.  
 
(d) Ocean Circulation 
Description of theme: The role of ocean circuits within climate change. 
 
Although the role of ocean circulation in the climate system is not an overt theme that is 
delivered by the lecturers it is still identified by both cohorts as being an important theme as is 
reflected in the number of occasions they referred to it in their weekly journals. Table 6.11 
shows a comparison of stage 3 and 4 statements relating to the theme of ocean circulation, in 
particular the Thermohaline circulation.  
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Stage 3 Andy:  “Ocean models show that sudden freshwater releases into polar regions can easily 
disrupt the existing pattern of thermohaline circulation.” 
 
Stage 4 Floyd: “The large ice sheets in Greenland and the Antarctica play a major role in climate 
change. With the global warming that is occurring there is a rise in sea level and with the 
desalinisation of seawater affect ocean currents like the Thermohaline circuit. This then 
leads to climate change.” 
 
Table 6.11 Comparison of stage 3 and 4 statements relating to the theme of ocean circulation. 
 
The key difference between these two statements is that Floyd attempts to synthesise the idea 
that a specified source of freshwater will have an impact on and then consequences for the 
climate system. Andy’s statement, although he links freshwater input to a disruption in the 
thermohaline circuit does not elaborate to any greater detail where the sources of the water may 
come from or what the consequences are. Figure 6.10 shows a comparison of the students’ 
understanding of ocean circulation during the module. 
 
 
 
Figure 6.10 Comparison of the students’ understanding of the theme of ocean circulation during the 
module. Neither cohort show overall a deep understanding of the theme although the 2006 cohort did 
have a greater understanding than in 2005 with 33% of the statements reflecting a deep understanding. 
The 2005 cohort had 92% of the statements coded at level 3 or less with the 2006 cohort having 67% of 
the students only communicating a shallow understanding.  
 
In figure 6.10 it can be seen that neither cohort show overall a deep understanding of the theme 
although the 2006 cohort did have a greater understanding than in 2005 with 33% of the 
statements reflecting a deep understanding. The 2005 cohort had 92% of the statements coded 
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at level 3 or less with the 2006 cohort having 67% of the students only communicating a shallow 
understanding. 
 
6.2.4 Human systems: Environmental determinism  
Description of theme: The issues involved in the debate that environmental determinism forced human 
origins and their changing societies. 
 
One of the key themes of the module is the inter-relatedness of the physical and human 
systems. As well as underpinning the themes throughout the module, this relationship also 
provides a focus for specific lectures. As seen in the introduction to this chapter a change in 
lecturer resulted in changes to the module that reflected the new lecturers experience. In 
addition to a change in teaching style the new lecturer also introduced a new reading list for the 
weekly assessment task. However, during the coding analysis process it is possible to identify a 
common theme from the 2005/2006 students’ reflective journals for this part of the module and 
that is the way that environmental factors, such as a changing climate, can impact on society. 
From the reading lists the students identified aspects of environmental determinism including 
impacts on farming practices to the destruction of civilisations. 
 
Table 6.12 shows a comparison of stage 3 and 4 statements relating to the theme of 
environmental determinism.  
 
Stage 3 James: “It shows us how different populations are adapted in different ways and how 
different climatic shifts could affect different populations.” 
 
Stage 4 Bill: “Paper explores key factors driving the change in civilisation which result in and from 
drastic alterations in the environment, and also how the environment causes the distribution 
of population to migrate and settle in new global regions; this can be down to climate, food 
supply and competition, land availability, water source and flow.” 
 
Table 6.12 Comparison of stage 3 and 4 statements relating to the theme of environmental determinism 
 
Both statements identify that the environment can affect human populations through shifts in 
climate and how in turn human populations can affect the environment. The key difference 
between the two statements is the detail with which they describe the theme. James defines the 
factors in terms of ‘different’ whereas Bill attempts to identify the factors forcing a change in 
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population, both human and environmental. Figure 6.11 illustrates the students’ levels of 
understanding of environmental determinism. 
 
 
 
Figure 6.11 Comparison of the students’ understanding of the theme of environmental determinism. It 
can be seen that in 2005 only 28% of the students who referred to this theme did so at level 4 leaving 
72% of the group communicating a shallow understanding. Whilst in 2006 31% of the students who 
referred to this theme in their journals achieved a level 4 with 69% of the remaining statements 
suggesting a shallow understanding. 
 
In figure 6.11 it can be seen that in 2005 only 28% of the students who referred to this theme 
did so at level 4 leaving 72% of the group communicating a shallow understanding. Whilst in 
2006 31% of the students who referred to this theme in their journals achieved a level 4 with 
69% of the remaining statements suggesting a shallow understanding. 
 
6.2.5 Summary of reflective diary analysis 
Meyer and Land (2003) suggest that some knowledge may be ‘troublesome’ and prove a barrier 
to developing a deep understanding (section 2.7). This section highlights the ideas and themes 
that the students, as a sample population, identify as important within the debate surrounding 
the relationship between human systems and environmental processes (including climate 
change) and the extent to which, they were able to develop a deep understanding of them or 
whether some of the ideas prove troublesome acting as a barrier to their understanding. 
 
The free-coding analysis of the students’ weekly reflective journals, identifies a series of themes 
that cascade in complexity from an awareness of general systems theory to more specific 
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themes related to geomorphology and climate change and their impact on human systems. 
Because of the need to determine common patterns of understanding the ideas and themes are 
very broad. However, when the statements are considered individually more refined themes are 
evident. Both James and George in section 6.2.1 refer to the need to consider changes in 
general systems against different time frames whilst India in section 6.2.3(a) identifies the need 
to place any effects within a spatial reference. Mary in table 6.3, acknowledges the holistic 
nature of climate change science by referring ‘…to the earth being made up of a series of large-
scale systems and that there are interdependence amongst all of them…’. George in table 6.2, 
also refers to the consider climate change as a ‘whole’ not, as in the case of Mary, in relation to 
connections between systems but in relation to the connection between events in time affecting 
a systems equilibrium. Neither cohort of students though refer to the role of modelling future 
climate change and the way that uncertainty is considered in the process. It could be speculated 
that this is due to the journals papers that the students chose to critique do not discuss the 
theme of climate modelling, or that the students do not understand the theme and so they chose 
not to critique it. Further analysis of the journal papers given to the students in conjunction with 
interviewing the students could identify these factors.  
 
When the Biggs and Collis (1982) SOLO taxonomy is applied to these themes to identify levels 
of understanding of the students’ statements it is seen that there is a wide range of 
understanding within and between the cohorts. Of the 5 stages within the taxonomy, this section 
has focused on the differences between statements that can be classified as a level 3 and those 
that qualify as level 4. This distinction between these two levels represents the transition 
between shallow and deep understanding, a point where Meyer and Land (2003) suggest that 
learning can be problematic and become a barrier to a deepening understanding. 
 
Across the themes identified in this chapter, the general pattern is that the 2006 cohort 
demonstrate a deeper understanding than in 2005 with the 2006 cohort achieving a greater 
percentage of statements above level 4 in 8 out of the 9 themes. The only theme where the 
2005 cohort demonstrates a deeper understanding than the 2006 cohort is for glacial processes 
as seen in section 6.2.3(c) where none of the 2006 cohort achieved greater than level 2 whilst 
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80% of the 2005 students achieved level 3 or above. This difference in understanding between 
the two cohorts could suggest that the mode of engagement has a significant impact on the 
students’ ability to develop a deep understanding of the science during the module. It is seen in 
chapter 5 that the mode of delivery is altered to reflect the students’ and lecturers’ evaluation of 
the learning process, resulting in a greater quality of feedback during the weekly assessment 
and a restructuring of the Wiki website to facilitate a less structured approach. However, in 
section 6.2.3(c) it is suggested that the level of experience of the lecturer could have impacted 
on the students’ depth of understanding. For this to have been an overriding factor the results 
should have been reversed where the 2005 cohort having more experienced lecturers should 
have shown a deeper understanding than the 2006 cohort, yet the opposite is the case, except 
when the students refer to glacial processes. The data though does not suggest why the 2006 
students would demonstrate a lower level of understanding for this theme.   
 
As discussed in section 2.7 and highlighted as one of the research sub-questions in section 1.1, 
some knowledge can prove troublesome acting as a barrier to developing a deeper 
understanding. If these threshold concepts can be identified then an appropriate strategy can be 
developed to support the learner in understanding them. To identify common patterns in 
understanding it is necessary to aggregate the coding analysis results of the weekly reflective 
journals and where the majority of the students (more than 50%) do not achieve greater than 
level 4 in the Biggs and Collis (1982) SOLO taxonomy, consider the theme or idea to be 
troublesome and a potential threshold concept.  From the results in this chapter it is possible to 
identify that all of themes apart from the idea of ‘forcing factors’ can be considered threshold 
concepts, with only the 2006 cohort demonstrating a deep understanding of forcing factors 
(figure 6.6). However, the themes and ideas identified in the analysis and shown in figure 6.1 do 
not represent the complexity of the concepts actually communicated by both cohorts of students 
in their reflective journals. As discussed in section 6.1.1, this masking of concepts arose from 
the need to identify common patterns within the discipline that could be considered as part of a 
communication strategy. This masking of concepts is illustrated in table 6.13 with the 
aggregated theme of glacial processes separated to identify the range of concepts and ideas 
communicated by the 2005/2006 students. 
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6.2.6 Exemplar relationship between communication and understanding of a key theme  
It is seen in section 2.8.1 that there is a concern within the scientific community that using a 
third party such as a journalist to communicate the science can lead to a misunderstanding of 
the science due to the inability to decode the science in a meaningful and accurate way (Ungar, 
2000, Wilson, 2000). This misunderstanding could potentially be alleviated through mechanisms 
and modes of engagement that allow the scientist to communicate directly with the general 
public as discussed in chapter 2. 
 
Within this chapter it has been seen that the students demonstrate a range of understanding 
during the module and that some of the climate change themes identified could be classified as 
threshold concepts (Meyer and Land, 2003). Because of the coding process, these themes 
reflect general patterns of understanding within the student cohort and as result include a range 
of other themes that the students would have most reference to. This section shows an 
exemplar of the masking of themes under general headings relates to the idea of glacial 
landform processes (section 6.2.3(c)).  This section also uses the theme of glacial processes as 
an exemplar to identify whether the key themes and ideas that the lecturers were 
communicating to the students during the module were the identified as key themes by the 
students. The theme makes a suitable exemplar of as it is introduced in the middle of the 
module. This meant that they would have had time to develop their reflective skills alongside 
having been introduced to other ideas relating to environmental processes and change 
suggesting that they would be better able to synthesise ideas and communicate it in a way that 
shows a deep understanding of the science.  
 
The key themes and ideas shown in table 6.13 were identified from the lecture guides given to 
the students each week. Rather than use a free-coding analysis as used in the previous, these 
themes were used as a frame to code the students’ statements in their weekly reflective 
journals using the Biggs and Collis (1982) SOLO taxonomy to identify depth of understanding. 
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Theme  SOLO 
Taxonomy 
level 
Number of 
references 
1 and 2 32 
3 29 
Glaciers as systems: Inputs, outputs, processes (in particular the processes 
of accumulation, ablation and transformation of snow to ice respectively). 
4 1 
1 and 2 18 
3 14 
Mass balance: Definitions and application to identify glacial advance or 
retreat. 
4 0 
1 and 2 29 
3 9 
Glacial flow: Factors affecting how a glacier flows across a landscape 
(including slippage over basal substrate, deformation of sub-glacial 
substrate and deformation of ice. 
 4 1 
1 and 2 0 
3 0 
Stress and strain as glacial processes. 
4 0 
1 and 2 0 
3 0 
Spatial patterns of glacial motion relating to climate and topography. 
4 1 
1 and 2 72 
3 22 
Glaciers as part of the climate system: The reciprocal relationship of the 
glacier both affecting and being affected by climatic conditions 
4 2 
1 and 2 0 
3 0 
Glacier fluctuations over short-time scales: The identification of what drives 
glacier variation and how this is reflected in a changing global pattern. 
 
4 1 
1 and 2 27 
3 0 
Glaciers as a cause of climatic and environmental change: Feedback 
mechanisms in the glacial cycle causing ice-atmosphere-ocean re-
organisation. 
 4 0 
Table 6.13 Key themes communicated by the lecturers that related to the overall idea of glacier systems. 
The themes were introduced during weeks 6 and 7 of the module and are listed in the order in which they 
appear in the lecture guides for those weeks. Alongside these themes are the students’ levels of 
understanding of them and the number of references made to them in the weekly journals. From the 
analysis it can be seen that the lecturers were able to effectively communicate the majority key themes to 
the students, with the exception of the theme of stress and strain as glacial processes. The overall level of 
understanding though remained shallow with only 3 themes having references coded at level 4. The theme 
referred to most frequently by the students is that of glaciers as part of the climate system. 
 
From table 6.13 it can be seen that the students were able to engage with the majority of the 
themes being communicated during this part of the module. This suggests that the strategy 
used by the lecturer (chapter 5) is successful in supporting the students’ engagement with the 
ideas relating to glacier systems. Three ideas though are not successfully engaged with by the 
students: stress and strain as glacial processes; spatial patterns of glacial motion and glacier 
fluctuations over time. The first of these, stress and strain as glacial processes, is not referred to 
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by any of the students in their weekly journals whilst the second two were referred to once each 
but at a level suggesting a deep understanding. 
These 3 statements reflect the students’ understanding of other key themes during the module 
with the first statement linking spatial patterns of glacial motion with mass balance, and the 
second statement linking glacial sediments with the idea of glaciers as systems by referring to 
accumulation and ablation. Both of these ideas relate to the theme of glaciers as part of the 
climate system, being affected by and affecting the climate and driving environmental 
processes. This idea, as seen in table 6.13, is referred to most frequently by the students, 
suggesting it is communicated in such a way as to allow students to engage with it. It is also the 
theme that requires the students to demonstrate a holistic understanding as it draws on all the 
other themes in this part of the module, an understanding that is seen as important in being able 
to engage with climate change science. Although 2 references were made to this theme that 
could be classified as Stage 4 of understanding, the majority of the statements were below this 
identifying that the students only demonstrate a shallow understanding of the idea. This is 
despite the mechanisms and modes of delivery allowing the students to engage with the idea 
and the knowledge being communicated in a way that encouraged the recognition of the inter-
relationship between the themes and ideas.  
It could be speculated that the shallow understanding noted above could be as a result of the 
students not having the opportunity to reflect and test their understanding as suggested by 
Kolb’s (1984) model of experiential learning (section 2.5). Themes and ideas relating to glacier 
systems were only introduced in weeks 6 and 7 (although glaciers were used as an example of 
general systems theory in week 1) only allowing 2 opportunities to complete 2 of the cycles of 
learning suggested by Kolb before having to move on to the next topic within the module. 
The coding of students’ weekly journals identifies that they engaged with the themes being 
communicated by the lecturers, albeit at a shallow level of understanding. As seen in table 6.13, 
within the two groups, at least one student is able to show a level of understanding above the 
levels 1 and 2 (simple statements often unconnected) except for the final theme of the role of 
glaciers in affecting ice-ocean-atmosphere reorganisation. This idea is identified in 27 of the 
statements made in the journals, but all of them were either a stage 1 or 2, suggesting that 
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although the students perceived the theme as being important there were none who could 
articulate the inter-connected nature of the knowledge. The very shallow nature of their 
understanding of this idea suggests that those that wrote about the feedback loops in glacial 
systems had greater difficulty in creating links in the knowledge than for any other idea, 
suggesting that this topic could contain or denote a threshold concept (Meyer and Land, 2003). 
Along with the themes that the lecturers wanted to communicate, the students also identified 
two common themes within the module not explicitly signposted by the lecturers: the methods of 
glacial analysis and the role of glaciers in managing people’s water resources. The breakdown 
of the number of references and their levels of understanding can be seen in table 6.14. 
Theme  SOLO Taxonomy level Number of references 
1 and 2 77 
3 6 
Methods of glacial analysis 
4 0 
1 and 2 6 
3 3 
Role of glaciers in water management 
4 0 
Table 6.14 Breakdown of the number of references and their levels of understanding for the 2 themes 
identified by the students in their journals but not explicitly identified by the lecturers as being key to the 
module. 
 
Of the 2 themes noted in table 6.14, the methods of glacial analysis is seen as important by the 
students with a total of 83 references made to it. The students though, found it difficult to 
develop their understanding of the theme beyond being able to make simple statements about 
how glaciers can be measured and recorded in the field. This would suggest that the lecturers 
would need to support the students’ understanding through the feedback process (section 3.4) 
guiding them in how they could relate the measuring glaciers to one or more of the other key 
themes. 
Within this section, the students’ understanding has been communicated through their own 
weekly reflective journals. This acted as a personal environment for the students to reflect on 
their own understanding of the module content, however, as discussed in section 3.5 the 
students were also asked to reflect on their understanding in the social environment of a Wiki 
website.  
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6.3 Comparison of the cohorts’ collective understanding on the Wiki website 
As discussed in section 3.5.2, a Wiki website is used in phase 1 and 2 of the project to identify 
whether a deeper understanding of climate change science could be communicated by using an 
interpersonal, collaborative environment, rather than an intrapersonal, individual one. The 
students edited the website each week having first completed their own personal journal, 
placing onto it their understanding of the key themes from that week and how they related to the 
ideas written in the Wiki in previous weeks. The students had full editing rights, allowing them to 
add, delete or amend comments made by the cohort. The ‘final’ edition of the Wiki therefore 
represents a collective understanding of the themes of the module rather than an aggregated 
level examined in section 6.1. The content of the Wiki is analysed using the same theme titles 
generated from the journal analysis to allow a comparison between the two environments to be 
made. 
 
Table 6.15 shows a comparison of the two cohorts’ level of understanding communicated 
through the Wiki. The table focuses on the threshold level between stage 3 and 4 of the Biggs 
and Collis (1982) SOLO taxonomy with stage 3 representing a shallow understanding and stage 
4 a deeper understanding.  
 
Highest SOLO taxonomy level recorded Theme 
2005 2006 
General systems 3 4 
Forcing factors 3 4 
Feedback mechanisms 4 3 
Proxy indicators 3 4 
Arid zone landform processes 4 3 
Weathering 4 3 
Glacial landform processes 4 4 
Environmental determinism 4 4 
Social development 4 4 
 
Table 6.15 Comparison of the highest SOLO taxonomy level recorded for each cohort in the collaborative 
Wiki website. There were no references made by the 2005 cohort to the theme of landuse management 
being affected by changing climates. Collectively the students understanding appears to be deeper in the 
Wiki than in the personal journals, however, because the entries in the Wiki were anonymous it is not clear 
who had been contributing and if this level reflects the understanding of the whole group or an individual 
contributing disproportionally to the Wiki. 
 
In section 6.2 it is seen that of the two cohorts, only the 2006 group showed a deep 
understanding of one of the themes (forcing factors) with the 2005 groups’ understanding being 
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mostly shallow. However, at least one person in each cohort has shown an understanding of 
stage 4 of each theme. When this is compared to the collective understanding demonstrated by 
the Wiki, the 2005 cohort show a deeper understanding of five of the themes and the 2006 
cohort show a deeper understanding of six of the theme. 
 
When comparing levels of understanding as communicated through the two media it is not 
always the case that when a stage is reached in one it is copied in the other. For example, with 
regard to arid zone landform processes, in 2006, 26% of the students achieve stage 4 in their 
understanding in the reflective journals yet in the Wiki the group’s collective understanding is at 
stage 3. This pattern is repeated with the theme of weathering and feedback mechanisms 
where a deeper understanding is shown in the journals than in the Wiki. The two themes that 
the students in 2006 do show a deeper understanding through the Wiki are with glacial 
processes and the environmental determinism. Individually they are able to achieve stage 1 and 
2 (glacial processes) or made no reference (environmental determinism) but through the Wiki 
they achieved stage 4 as a group for both themes. The 2005 cohort also showed a lower 
understanding through the Wiki than they did when reflecting on the role of forcing factors, 
proxy indicators and general systems theory in climate change science.  For each of these 
factors they achieved stage 3 in the Wiki and stage 4 in the journal. 
 
This apparent deepening of understanding when the students worked collaboratively reflects 
both of the cohorts preference for social, interpersonal learning situations as seen in sections 
5.1 and 5.2. The students, in section 5.1, did suggest that the readings were an important part 
of supporting their understanding of the science and as it would be assumed that this would be 
reflected in the depth of understanding in the personal journals. Although this could have been 
offset by the need to work independently when their preference is to work collaboratively. In the 
questionnaire results in section 5.1 the students responded that at some point in the module, 
they did find it advantageous to be able to see other people’s thinking about a theme and that 
knowing that their peers would be looking at their understanding on the Wiki made them more 
reflective and more considered about communicating their understanding. 
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6.3.1 Summary of collaborative understanding of the Wiki website analysis 
The analysis of the statements made on the Wiki by the cohorts suggests that a deeper level of 
understanding has been reached. This could be as a result of the interpersonal nature of the 
learning, a style of learning that both cohorts suggested in section 5.2, is their preferred style of 
learning. It is seen in section 5.1.1 that the students were aware that their peers would be 
observing their comments and so gave more thought to what they were writing. In the same 
section they also acknowledge the usefulness of seeing other people’s thoughts that in turn 
influenced their own. The deepening of understanding though could be a reflection of the 
analysis, which, although it followed the same methodology as the analysis of the journal 
statements could have affected the results. The analysis of the Wiki allowed the group to be 
classified as achieving a particular depth of understanding regardless of the number of students 
who achieved that stage. Whereas, the analysis of the journal statements used the proportion of 
individuals achieving a stage as being indicative of the groups’ understanding, it is therefore 
unclear as to whether a Wiki can be used as a learning environment to develop an individual’s 
understanding by supporting across the threshold for particular themes.  
 
6.4 Discussion 
The analysis of the students’ weekly reflective journals and their contributions to the Wiki 
website identified in this chapter has highlighted two key areas that could be used in a strategy 
to communicate and engage the public with climate change science.  These key areas are the 
role of the expert and the structure of the learning process. 
It is discussed in chapter 2 that within a social constructivist paradigm the student should be at 
the centre of the learning process however, the results from the analysis of the questionnaire 
(section 5.1.1) suggests that the expert’s role in the learning process is equally as important. 
This role requires the expert to have an in-depth knowledge of the debate and to be able to 
communicate the science in a way that allows the students to make connections between the 
different themes and ideas allowing the learner to develop a holistic understanding of the 
debate as discussed in section 2.6.   
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An experts’ own understanding and awareness, as suggested by Jarvis (2002) is critical in 
supporting the learner’s understanding. The experts’ awareness of the overall themes and ideas 
allows the learner to decode the knowledge (Ungar, 2000) and communicate in a way that 
highlights how the ideas can be connected to provide a holistic understanding. This role is 
reflected in the learner’s perceptions of the key tools to supporting their understanding, where 
they rate the role of the expert as most important (figure 5.3). The level of expertise though is 
not reflected in the learners’ depth of understanding within the module. Although the learners 
are taught by experts in their field they do not show a deep level of understanding of all the 
themes suggesting that there are other factors impacting on the learners’ understanding. It is 
seen in section 6.2 though that it is not enough for an expert to have a good depth of knowledge 
of a subject but that they also need to be able to communicate it to the learner in a way that can 
be understood. The results in section 6.2 show that even though both cohorts were taught by 
experts the 2006 group demonstrate a deeper understanding than the 2005 cohort despite the 
expert in 2005, who taught the part of the module relating to glacial processes, having greater 
teaching experience than their 2006 replacement. From the participant observations it can be 
speculated that the nature of the feedback is important in supporting the reflective process that 
leads to a deeper understanding of the concepts and themes. Where the expert provides 
feedback that helps identify the relationships within the climate change science the learner is 
able to better synthesise their understanding and apply it within new situations beyond the 
learning environment as is seen in 2006. Without the support, the learners find it difficult to 
make the links and as a result fail to develop a deep understanding as seen in 2005.  
The results in section 6.2.6 shows the lecturers’ need to recognise the students’ ability to 
identify other themes and ideas that may be communicated during the learning and teaching 
process to be able to support the learners in relating these new ideas to the ones originally 
discussed by the expert. This validates the learners’ understanding of the science as expected 
in a social constructivist paradigm (Fuller et al., 2000) and allows the learner to synthesise the 
different concepts in relation to the debate of climate change constructing their zones of 
development (Vygotsky, 1978).  In addition to other themes that the learners identify the experts 
need to consider the pace at which they introduce new themes and ideas before previous ones 
have been understood. Within the context of the glacial landform processes theme (section 
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6.2.3(c)), the expert only had two weeks to develop the learners’ understanding of the key 
themes before the module theme changed. This seems to have not allowed them time to clearly 
establish the depth of understanding and where necessary apply different teaching and learning 
techniques to move the learners’ thinking beyond at best the liminal stage of understanding as 
described by Meyer and Land (2003).  
The rate at which new ideas and themes are introduced into the learning cycle would have 
impacted on the learners’ opportunity to reflect on the science. It is shown in section 3.4 that the 
module adapted Kolb’s (1984) model of experiential learning to structure the content to support 
learners’ reflection of the science. However, the results from section 6.2 suggest that the 
learners are not able to synthesise concepts and ideas between either consecutive lectures or 
between lectures that would initially appear disconnected, e.g. glacial landform processes and 
arid zone landform processes.  These results suggest that there is a need to allow learners to 
be able to complete a number of ‘cycles’ where they have been able to test and re-test their 
understanding. This though, requires the expert to have an awareness of the different depths of 
understanding that the learners have for the different ideas and themes so that they can 
implement different levels of support. Results from the Wiki analysis (section 6.3) show that it 
can provide an increased level of support allowing the learners to review each other’s work and 
advising where their thinking can be developed. The learners identify in figures 5.11 and 5.12 
that their personal reflection is influenced during the learning process by knowing that other 
people can view their understanding but that they could also view other learners’ ideas.   
The speed at which the experts are able to introduce themes and ideas requires a re-structuring 
of the model to provide learners with a greater opportunity to reflect on the knowledge and to 
learn at their own pace. The results in section 6.2 also demonstrate that there is a need for the 
learning process to be restructured to allow the students to relate the concepts to a ‘whole’. 
Glacial processes provided a good exemplar (section 6.2.6) of this as the key themes and ideas 
of the discipline were communicated but not in a way that allowed the learners to see the links 
and develop a holistic understanding of the field. The need to restructure the module to allow 
the learners a greater opportunity to explore their own understanding of the science is 
reinforced in the results from the Wiki website where the structure is changed from being very 
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structured to unstructured (section 3.5.2). The website in 2005 is structured in such a way that 
encouraged the learners to identify links within the lecture but not between lectures, whilst the 
2006 Wiki, which is essentially a blank page, provided greater support for the learners to relate 
themes throughout the module. 
The content analysis of the weekly journals and the Wikis (section 6.2) identifies a range of 
themes and ideas that reflects the key areas of knowledge being communicated by the experts 
during the module but also a range of ideas that the learners themselves identify as key within 
the research field. The application of the Biggs and Collis (1982) SOLO taxonomy identifies a 
range of learners’ understanding of these themes and ideas that could be used to suggest that 
threshold concepts (Meyer and Land, 2003) exist within climate change science. Meyer and 
Land (2003) suggest that individuals find certain knowledge ‘troublesome’ and act as barriers to 
deeper understanding which is reflected in the results in this chapter, however, the results are 
not conclusive when trying to identify if there are ideas that could be identified as troublesome 
within the discipline as a whole. During the coding process, in order to identify global patterns 
the themes and ideas are categorised to reflect the ideas that are referred to by a large sample 
of learner population. This had the effect of ‘masking’ more detailed concepts that might have 
been identified by only a few learners as seen in the exemplar of glacial processes (section 
6.2.6). The learners who did not refer to a concept may have done so because they did not 
understand it and how it related to the discipline in general suggesting that it is a threshold 
concept to those learners. Suggesting that the way a learner engages, or not, with threshold 
concepts could form part of their learning strategy along with their learning style (Sadler-Smith 
and Smith, 2004). These strategies, Riding and Cheema (1991) suggest change as a learner 
develops that could mean that as a learning strategy changes so could the learners ability to 
learn meaning that, in time, they may choose to engage with the concept. This learning strategy 
is not identified in the learners’ PDP statements seen in section 5.3 and so it is not clear 
whether this is a strategy relevant to these cohorts.  
The application of the SOLO taxonomy highlights the need for the communication strategy to 
consider that it is more relevant to understand that the individual could have their own barriers 
to understanding particular concepts or ideas rather than attempting to identify common themes 
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that might not be pertinent to the individual. Developing a strategy that attempts to support 
‘common’ threshold concepts rather than the threshold concepts experienced by the individual 
would be in contradiction to the social constructivist paradigm as the individual is not at the 
centre of the learning process. This reinforces the need to support the individual’s learning by 
providing a range of opportunities that allows them to reflect on the science in a variety of ways 
so that, if a concept is troublesome to them, they have a range of opportunities that supports 
their own, individual learning style. This individual centred focus would also allow the learner to 
engage with the science at a pace that suits them and not an external agenda set by the expert. 
 
6.5 Chapter summary  
By using a free-coding analysis process to the learners’ journals it is possible to record a range 
of themes that the students had identified during the module. The themes ranged from broad 
ideas on the role of general systems theory to more specific themes relating to environmental 
processes. The extent to which the themes were broken down into more specific themes is 
restricted by the analysis where, to be able to identify patterns of understanding, themes had to 
be referred to by a number of students and so if only one student referred to a theme this is not 
recorded.  
 
When the Biggs and Collis (1982) SOLO taxonomy is applied to the learners’ statements a 
measure of their understanding could be established, the results could then be aggregated to 
identify if there were themes that the learners, as a whole found problematic in understanding. 
The results showed that both cohorts had a high proportion of learners that did not achieve 
stage 4 or 5 in the taxonomy that suggests a deep understanding of the themes, although, the 
2006 cohorts’ understanding did appear to be deeper than in 2005. When these results are 
used to identify whether threshold concepts exist in environmental science, it appears that the 
majority of the themes that the learners referred to could be deemed troublesome knowledge as 
they failed to express a deep understanding associated with stage or above. Potentially though, 
the medium of engagement could have had an impact on the students ability to understand the 
science as problems with the technology and its reliance on an intrapersonal style of learning 
were highlighted in chapter 5. 
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When the results from the journal analysis are compared with the interpersonal environment of 
the Wiki website, it can be seen that the depth of understanding of the science is deeper in the 
Wiki than in the journals. This could be explained by the learners stated preference for social 
learning environments (section 5.2) and that they felt they needed to be more considered in 
their expression of understanding because their peers were observing their comment. It could 
also be as a result of the analysis process where the learners’ statements in the Wiki were 
treated as though one person had written it and so if one person demonstrated understanding at 
a deep level (stage 4 or 5 of the taxonomy) then the group were attributed with that depth of 
understanding.  
 
Extrapolating these results beyond the study it can be considered that the wider public’s 
understanding of climate change science will not be uniform and will develop at different rates. 
As a result, the climate change scientist needs to present their research is a range of ways and 
timings so that each member of the public can engage with the science in a way that allows 
them to understand and in a timeframe that is appropriate to them. Communicating through a 
single medium at too fast rate prevents the learner from having enough opportunities to reflect 
and develop a deep understanding. Asynchronous, online communication technologies such as 
discussion forums, blogs (RealClimate, 2008) and Wikis could fulfil that role by allowing the 
public to engage with the debate and to reflect on it at a pace that suits that and at times that 
suit them. As well as being able to read the science within the debate, the public are also able 
to contribute to the debate by posting their own understanding. This in turn, provides the climate 
change scientist with a direct indication of the public’s differing levels of understanding that the 
scientist can then use a guide to support and develop each member of the public’s 
understanding. The ability to identify the public’s depth of understanding allows the expert to 
evaluate if there are concepts that are proving troublesome and could be considered a 
threshold concept. If any of these concepts do appear then the climate change expert would be 
in a position to support those learners having trouble understanding it. However, by only utilising 
only one form of engagement, this limits the public’s ability to engage with the science in a way 
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that supports their understanding of the range discussion forums and Wikis can support those 
members of the public with strong visual, social and solitary learning styles.  
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Chapter 7 
Conclusion 
 
A growing demand by the geographic research community and by the public to find solutions to 
socially relevant problems has necessitated a review not only of the research being conducted 
(Falk, 2007), but also how the results are communicated beyond the research institute 
(Demeritt, 2001, Wagner, 2007). Climate change science fulfils the demand of providing 
knowledge to allow the wider general public to make informed life-choices, but because of 
current modes and mechanisms of engagement, a communication gap has been created that 
has isolated the process. 
 
In chapter 2 it was demonstrated that the current mode of communication and public 
engagement with climate change science conforms to the deficit model whereby scientists 
disseminate their research in a uni-directional way, regarding the public as passive recipients of 
knowledge (Kim, 2007). This model has traditionally used mass media such as newspapers, TV 
and Radio as channels of communication. Recently the Internet becoming is widely used 
(National Science Board, 2008). However, concerns over the reliability of the reporting process 
mean that there is an uneasy relationship between the research scientist and the journalist, both 
accusing the other of being at fault in developing distrust (Sturgis and Allum, 2004, Leshner, 
2007). Peer-reviewed journals, as a further means of knowledge dissemination, have the 
advantage of maintaining scientific quality, but lack the ability to be easily accessible by the 
public.  
 
The increase in demand for accessibility to scientific knowledge and a growing realisation 
amongst the scientific community of the need for greater engagement with the public has led to 
the promotion of a contextual model. This mode of communication and engagement requires 
the scientist to communicate socially-relevant knowledge in a way that allows the public to test 
their understanding, through dialogue, with an ‘expert’. This exchange may allow the public to 
directly question the research and how it impacts on them and also for the scientist, as the 
expert, to facilitate new opportunities for the pubic to engage with the science in the broader 
context of the discipline. The process also has the potential to inform the scientific research by 
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acting as a further review process alongside the peer-review process already used by the 
research community. 
 
7.1 A strategy to communicate climate change science 
The project, discussed in the previous chapters, identified whether second-generation (web 2.0) 
online technology within a social constructivist paradigm can be used to support engagement 
and develop deeper public understanding of climate change science. This is framed by three 
research sub-questions that focused on the key aspects of a communication strategy that 
climate change scientists could use to disseminate their research in a way that allows the public 
to understand the science and use it to inform their daily lives. 
 
What are the threshold concepts in climate change science?  
During the study aspects that could be considered barriers to the students’ engagement with the 
learning process and development of a deeper understanding science were evaluated. In 
particular, the ideas and themes that could prove troublesome knowledge that Meyer and Land 
(2003) identified as threshold concepts, and the modes and mechanisms of engagement that 
could be could be employed to support learners in overcoming them. The recognition of these 
concepts requires the lecturer to consider how to manage the learning process to support the 
students in understanding them. Results from the study show that the students did find some of 
the knowledge troublesome in that they were unable to synthesise concepts and apply this new 
knowledge to different situations. Meyer and Land (2003) suggest though that threshold 
concepts are considered troublesome to all of those who are attempting to understand them, 
however, the results from this study suggest that it is necessary to consider the concepts that 
each learner finds difficult to understand rather than attempt to identify ‘global’ concepts that all 
of the class find troublesome.   
 
How does the use of online technologies affect the learners’ ability to engage with climate 
change science? 
 
Along with the nature of the knowledge that is being disseminated a communication strategy 
that conforms to the contextual model needs to consider the mechanisms that are used to 
engage the learner. Second-generation Internet technologies that facilitate social networking 
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are seen as opportunities to engage a wider public and can support engagement by facilitating 
access to learning materials and the expert lecturer (Joinson, 2003, Butler, 2005). The 
technology also facilitates increased access to peer support. However, this technology can also 
present a barrier to engagement as a result of its potential unreliability and the lack of 
opportunity to support differing learner strategies. Learners too can become demotivated 
through a lack of contact with their peers and as a result of the mixed reliability of the expert 
(lecturer) in answering their questions. 
 
The results seen in section 5.1.2 show that the students do consider the two Internet 
technologies (Wikis and the managed learning environment) used during the case study module 
as having a positive effect on their understanding of the science, although it was not considered 
the most important influence. This though can be seen as a positive indicator, where the 
technology is not employed to develop understanding, but rather to facilitate the learning 
process. The biggest influence on the students’ understanding during the study was the role of 
the lecturer, however, the students commented that the managed learning environment could 
be a barrier to accessing the lecturers and had at times left them feeling isolated during the 
learning process. 
 
Burns et al., (2003) and Wagner (2007) suggests the importance of developing communities of 
scientists as part of a contextual model of engagement. The results from the study also suggest 
that this is an important factor where peer support along with lecturer support were seen as 
important to supporting understanding of the science. Although as mentioned earlier, the 
students when outside the lecture environment could feel isolated from the learning situation, 
potentially damaging their feeling of belonging to a community and with the reliability of the 
technology potentially exacerbating this feeling.  
 
The results seen in section 6.3 show that Wiki websites can be used as a social learning 
environment that encourages the students to reflect on their own understanding and to consider 
this in relation to other people’s understanding. However, it is seen in the study that to support 
the students in synthesising the different concepts and applying them to new situations, thus 
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demonstrating a deeper understanding of the science, the Wiki needs to be unstructured, to the 
point of presenting the students with a blank page. If any form of structure exists on the website, 
the students will follow this structure, thus finding it harder to identify the different relationships 
between the concepts and ideas.  
 
Educational psychologists (Gardner, 1983, Kolb, 1986) suggest the importance of recognising 
an individual’s learning style however, the results from the study would agree with Reynolds 
(1997) in that it is more important to consider the students’ learning strategies. The 
acknowledgement of the different learning strategies takes into account not just the cognitive 
process but also what motivates the students and how they structure their learning. When 
considering these learning strategies it is seen in the study that the students employed a 
diverse range of strategies to support their learning. As such the lecturer needs to consider a 
similar range of teaching approaches that can accommodate them. For example, this may be 
through using a range of learning media that allows the individual to interpret the concepts and 
ideas in different ways; or by placing learning resources online so that they can be referred to at 
a time and place convenient to the learner; and finally providing opportunities to pose questions 
to the lecturers that receive prompt replies. Cousin (2006) suggests a range of learning and 
teaching experiences is also necessary in supporting learners in moving through the liminal 
stage of the learning process where the learner can begin to identify the connections between 
the different concepts and apply them to new situations. 
 
Results from the study as seen in section 5.4.1 show that the lecturer is seen as the major 
factor in developing the students’ understanding of climate change science, although the 
students do not necessarily define whether that role should be in a traditional face-to-face 
situation or whether an online presence provides adequate alternative or addition. Tutors have a 
key role in decoding the science as, being the expert, they should have a greater awareness of 
the global picture of how the concepts and ideas relate to each other. Through this awareness 
the lecturer is better placed to facilitate a range of learning opportunities that allows the student 
to engage with the different ideas and themes (Vygotsky, 1972). The study as seen in section 
6.4 shows that the students need to be guided in understanding how the ideas and concepts 
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can be synthesised in order to be able to apply them to new situations demonstrating a deep 
understanding of the concept. This guidance needs to be in the form of generic comments 
rather than telling the student if their understanding is ‘right’ or ‘wrong’ (Rushton, 2005, Rust et 
al., 2005). It also needs to be regular which is based on a clear explanation at the start of the 
learning process as to how and when feedback will be given and also why the feedback will be 
given as generic comments rather than through a grading system. If this is not done 
successfully then the students become resentful of the process and become disillusioned and 
demotivated.  
 
How does the process of reflection support understanding of climate change science? 
Having considered the nature of the knowledge and the mechanisms that are used to 
communicate it, the final aspect of a successful strategy would include the way that the learning 
process is constructed and in particular the implementation of social constructivist principles. 
Reflection is seen as the key learning tool within a social constructivist paradigm in developing 
deep understanding of an idea (Dewey, 1938, Popper, 1979) but this process does require 
support and guidance from the expert lecturer. However, as with other skills, students need 
support in developing their ability to reflect. This support needs to be established at the start of 
the learning process and then continually reinforced. The students in the study showed a 
greater ability to reflect when they were given guidance and when the feedback process 
supported the guidance. This was illustrated in section 6.2 where students in 2006 showed a 
greater depth of understanding of more of the concepts than the students in 2005 as a result of 
changing the nature of the feedback to more successfully guide the students in synthesising the 
ideas and concepts. However, the rate at which the lecturers introduce new information can 
prevent the students from having enough time to properly reflect on the previous information. 
Also, the way that the lecturer presents the information to the students can also support the 
reflection process, by helping them to identify previously learned information and how the new 
ideas relate to this. Students’ reflection was also facilitated through the discussion forum where 
they were able to take place in dialogue with their peers and the lecturers and also through the 
wiki where the students felt a greater compulsion to reflect on their contributions knowing that 
others would be viewing it, even though the contributions to the wiki were anonymous. 
 188 
7.2 Implications of findings for the climate research scientist 
The need to consider each individual’s understanding of a concept is problematic enough within 
a controlled higher education situation. However, the problem is increased many-fold when 
attempting to engage the wider general public with understanding climate change science as 
the range of their understanding is potentially much greater due to the extended range of 
experiences, ages, levels of education etc. Within a social constructivist paradigm though, the 
role that peers can play in supporting this process. In the project, students found that peer 
support had a useful role to play in supporting their understanding, and it motivated them to 
reflect to a greater degree knowing that their peers would be looking at their thoughts. 
Therefore, it would not be necessary for the climate change scientist to continually assess each 
individual’s understanding but rather, they could use the strength that a scientific community 
could provide. This is seen in blogs such as Realclimate.org where following the original 
posting, other members (public and scientists) are able to pass comment on the original posting 
and other people’s understanding of it. The problem of alienation from the ‘lecturer’ could also 
impact on the ability of the general public to maintain interest in the learning process. However, 
it may be possible to remedy this by developing a strong community of peers who are able to 
provide the support and expertise needed rather than again solely rely on the scientist. 
Wikipedia provides a good illustration of the development of a strong community of learners 
building understanding of different ideas and concepts. Both the discussion forums and the Wiki 
can be effectively used to facilitate direct interaction between members of the scientific 
community (experts and learners) although they have different functions in supporting that role 
and so it is necessary to use the strengths of each technology and not rely on one to perform all 
functions. Discussion forums are effective in providing both the expert and learner with an 
opportunity to ask general, non-subject specific questions, in particular with regard to technical 
issues. By contrast, the Wiki provides an open environment to express subject understanding in 
a non-linear fashion, where the learner can build on the understanding of another member, 
forcing the learner to consider their own understanding in relation to someone else’s, and thus 
leading to a real debate about the topic.  
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In creating scientific communities, the ‘expert’ is providing an opportunity to directly engage the 
public in a forum that allows parity of access where each person’s ideas and understanding is 
given equal credence reducing the likelihood of public antipathy to climate change research. 
The community is able to police itself, reducing the potential for extreme or erroneous 
understanding to dominate the discussion, but rather than simply telling the author that they are 
wrong, the opinion of that person can be absorbed into the general discussion reducing the 
potential of alienating that person and their opinions. 
 
When engaging with the public the results as seen 5.3 in section suggest that to fully support 
the learning process the researcher needs to provide a range of learning experiences and to 
constantly monitor the understanding of the learners so that experiences can be moderated in 
order to meet their needs. This potentially increases the work-load of the researcher and 
requires them to have an understanding of pedagogical practice so that they can provide the 
necessary range of learning experiences. However, in practice the researcher only needs to 
ensure that the information is presented using a range of stimuli such as video, audio tracks, 
pictures etc. These though do not need to necessarily originate from the researcher but can be 
supplied by any member of the community. The public’s understanding can be further 
stimulated by the researcher by providing a range of generic questions during the course of the 
interactions that draws out specific concepts and ideas that may not have been considered by 
the community in their open discussions. These not need be all at the same time but 
periodically placed on a discussion board to help direct the thinking communicated on the group 
Wiki website. These questions again do not necessarily have to come from the researcher but 
can be provided by other members of the community. 
 
For the researcher looking to engage the public with climate change science, there is a clear 
need to ensure that there is adequate opportunity and support for the individual to reflect on the 
science being discussed in order for them to develop a deep, holistic understanding. Structured 
guidance throughout the term of engagement again draws on the need to provide generic 
questions that the individual can apply to their situation and that they can then test by posting 
information on the wiki. The researcher needs to consider how much information is appropriate 
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to disseminate to the community at any one time. Enough information is required to allow the 
learner to identify the links between concepts, however, too much information in too short a time 
prevents the learner from synthesising the different ideas and prevents them from developing a 
deep, holistic understanding. 
 
Resourcing any out-reach initiative will always involve some form of outlay with regard to the 
time and purchase of the technology to set it up. Copy for websites, journal papers, brochures 
or presentation materials etc. will all need to be written and updated/reprinted as the 
research/project develops incurring time and financial costs. With regard to the use of web 2.0 
technologies as part of a communication strategy, the time it takes to initially develop the 
structure is minimal requiring the climate change scientist to identify the wiki website that they 
would like to use and then populating it with selected resources that they want the learners to 
consider and engage with. These sites (e.g. http://pbworks.com/, http://www.wikia.com/Wikia 
and http://wikispot.org/) are free, easily accessible, secure and easy to set up. As seen, when 
structuring the wiki, the results suggest that less is more, where too much structure has the 
effect of structuring the thoughts of the users, reducing the learners’ ability to identify the 
connections within the subject. This also has the ancillary advantage of reducing the workload 
of the scientist as they do not have to create copy for a website, brochure etc. Very often, these 
free wiki sites have in-built resources that facilitate announcements, direct questioning of the 
scientist or other member of the community or general dialogue between the community 
members. If the chosen wiki does not have a discussion forum facility then very often the 
institute that the scientists are working within will have their own managed learning environment 
(MLE) such as the one used at Oxford Brookes University during the study. As was seen in the 
study it is a quick, simple process to put in place direct links between the external wiki and the 
internal MLE to allow the learner and scientist direct access to both. The costs of the MLE are 
already born by the research institute and so no further financial outlay is required to develop it. 
 
7.3 Illustrative case study of the key learning points 
The researcher, whilst working at the UK Climate Impacts Programme (UKCIP), has 
successfully applied the learning points from the project described in section 7.1. UKCIP is an 
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organisation established in 1997 to support the United Kingdom in becoming better adapted to a 
changing climate (UKCIP, 2011). Situated within the School of Geography at the University of 
Oxford, UKCIP works closely with a range of stakeholders from Government, Industry and Local 
Authorities. It was decided that current mechanisms of engagement (e.g. face-to-face meetings, 
a first-generation website, workshops and written publications) would not adequately support 
the growing diversity and number of stakeholders with understanding the increasing range of 
information and decision-making tools related to climate change adaptation. These mechanisms 
were time consuming and expensive to facilitate and were not meeting the needs of the 
stakeholders who suggested they needed more opportunities to develop their understanding of 
the science and more ways to support how they could use this information in a time and cost 
efficient manner.  
 
In response, the researcher designed and developed an online learning environment using 
multimedia and web 2.0 technologies and implemented using principles identified in this project. 
UKCIP had already purchased an online managed learning environment (Moodle) that was 
being used as an information repository that stakeholders could use to access booklets, journal 
papers and links to relevant websites. The moodle provided an ideal technology within which to 
establish the learning environment as it would incur no extra costs to purchase and had a range 
of facilities built into it including discussion forums, blogs, wikis and ‘teaching’ areas that could 
be utilised to better support the stakeholders understanding. The researcher decided to initially 
structure the moodle in a way that followed the existing work programme, developing ‘teaching’ 
areas for each major stakeholder group (Government, businesses and local authorities) as well 
as an area for a specific resource, the new UK Climate Projections. Figure 7.1 illustrates the 
home page of the moodle and an example of the range of learning areas available.  
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Figure 7.1 Home page of the UKCIP moodle showing examples of the learning areas available to 
stakeholders 
 
Although each area within the moodle was distinct, stakeholders could easily access all the 
areas in case there were learning points or resources that might be of interest to them that may 
not be in their immediate area of interest. This also allowed for the application of a synthesised 
understanding from one ‘real-world’ situation to be applied to another. 
 
As seen in figure 7.2 each area within the moodle was structured to reflect the Walton and Carr 
(2011) curriculum model whereby each self-paced lesson involved a series of learning 
experiences based on a range of resources (e.g. webinars, podcasts, journal papers, interactive 
games and guided exercises).  
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Figure 7.2 Example extract of a specific learning area within the moodle showing the series of self-
paced lessons and resources to support stakeholders’ understanding.  
 
Text was included to guide the stakeholders’ reflection on the ideas and concepts presented in 
that ‘lesson’ and also to encourage them to consider how they might relate to other concepts 
introduced in other lessons in the areas as well as how they might apply to their own 
situation(s). The different multimedia resources used in the ‘lessons’ were designed to support a 
range of learning styles. In addition, each area had a discussion forum that could be used by 
stakeholders and UKCIP staff to ask questions or post announcements related to the learning. 
The stakeholders were also encouraged to contribute to a wiki within area that reflected their 
understanding and experience of how the climate change adaptation information could be 
applied in a range of situations. As well as the researcher, other UKCIP staff were asked to 
contribute materials and support the online discussions/wikis to ensure that the stakeholders 
were supported by experts in the field and also to share the workload of monitoring the learning 
areas. The researcher though retained overall management of the site. The structure of the 
learning areas also became more refined to support specific ideas and concepts that were seen 
to be problematic such as the difference between adaptation and mitigation as responses to 
climate change. 
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The design and development of the moodle was time intensive but there was minimal capital 
outlay in addition to the normal running costs of the moodle. As money became available 
though, bespoke learning resources were commissioned to support the stakeholders 
understanding of particular concepts and ideas. Once the structure had been implemented its 
management could be incorporated into the researcher’s other daily responsibilities and where 
possible they could be shared amongst colleagues in the organisation depending on their 
subject expertise. The continuing development of the moodle reflected the stakeholders’ 
requests as well as new understanding of climate change adaptation. By acknowledging the 
stakeholder in the development process it provided them with a sense of ownership of the site 
creating a stronger sense of community.  
 
7.4 Summary 
The UKCIP case study illustrates how the communication strategy identified in the project can 
be applied by an organisation working with the general public in supporting their understanding 
and application of climate change science. The use of online technology provided a cost-
effective mechanism to reach a greater number of stakeholders than would have possible with 
paper-based media alone. In addition, the online nature of the learning process meant that 
stakeholders could engage with the learning at a time, place and speed that was appropriate to 
them and not the provider. The discussion fora and wikis, as web 2.0 technologies, provided a 
‘virtual’ space for stakeholders to discuss and reflect how to ensure their business or 
organisation could be better placed to adapt to a changing climate. Stakeholders that, without 
this online environment, would otherwise not be able to meet. These spaces also provided an 
opportunity for a non-hierarchical dialogue between stakeholders and experts in climate change 
adaptation to take place that genuinely informed the practice of both parties. The structure of 
the moodle facilitated opportunities for personal and social reflection of the ideas and concepts 
as well as creating a range of dynamic communities that could support each other in 
understanding the science as well as applying it to their own situations. Although this strategy 
does require a period of time to design and develop it does not have to be a capital-intensive 
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process and once done the learning environment can be self-sustaining through the efforts of 
the community members. 
 
For the first time, within the context of climate change science, a set of principles that engages 
a wider community that develops their understanding has been established. Barriers to 
engagement and understanding were identified and ways of overcoming them suggested. The 
strategy uses free, easily accessible technology and employs known pedagogical principles 
making it simple for the scientist to set-up and maintain whilst also meeting the needs of the 
public. 
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